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ABSTRACT 
 
Background: The leading source of general population shoulder pain is subacromial 
impingement syndrome (SAIS) which can contribute to rotator cuff disease (RCD).1 It has been 
reported that up to 12% of musicians end their musical career due to musculoskeletal injury.2 
SAIS is a common source of shoulder pain in the bowing arm of upper string musicians.3 
However, the mechanisms leading to shoulder pain in upper string musicians are not well known. 
Purpose: The purpose of this study was to characterize aspects of the subacromial space 
anatomy while in standard playing positions of upper string musicians, specifically 
measurements taken of the acromiohumeral distance (AHD) and supraspinatus tendon thickness.  
Methods: Experienced musicians (n = 23) were recruited from the university and local 
communities. Ultrasound images of the participants’ shoulders were collected using standard 
imaging techniques.  
Results: On the right side, the arm position main effect was significant (p < 0.001), the AHD in 
the 4th string position (8.459 ± 0.449mm) was less than the 1st string (10.978 ± 0.319mm) and 
resting (11.713 ± 0.327mm) positions. There was a significant difference in the AHD between 
the resting (13.428 ± 0.606mm) and the 1st finger, 1st string (10.765 ± 0.488mm) positions in the 
left side. The resting AHD was smaller (p < 0.001) on the right side (11.713 + 0.327mm) 
compared to the left (12.273 + 0.404mm). Tendon thickness of the left shoulder (5.687 + 
0.211mm) was not significantly different when compared to the right side (5.889 + 0.262mm).  
There was a statistically significant difference (p < 0.001) in the occupation ratio (tendon 
thickness / AHD) between the left (0.472 + 0.021mm) and right shoulder (0.507 + 0.022mm). 
xv 
 
Conclusions and Practical Relevance: The reduced resting AHD measurements of the right 
shoulder and the reduction of AHD measurements as the arm is brought into elevation suggest 
upper string musicians are at greater risk for RCD than the general population, especially on the 
right side. Treatment interventions that help musicians maximize the width of the subacromial 
space may reduce the prevalence of shoulder pain in this population. 
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CHAPTER 1  
 
INTRODUCTION 
Purpose 
The purpose of this study was to observe how various positions associated with playing 
upper string musical instruments affect the acromiohumeral distance (AHD) and supraspinatus 
tendon thickness in both the bow-arm and the arm supporting the instrument. This study 
specifically made comparisons of supraspinatus tendon thickness bilaterally, bilateral 
comparisons of AHD, unilateral comparisons of AHD while in playing positions, and unilateral 
comparisons of AHD in the arm holding the instrument. These measurements are noteworthy due 
to the association between AHD, supraspinatus tendon thickness and painful shoulder 
pathologies, which can stem from SAIS. 4-6 Several studies have been published examining the 
effects of posture, arm position, and scapular kinematics on the subacromial space in general 
populations.7-12  
There is, however, a void of literature exploring the relations between positions 
associated with playing an upper string instrument and the AHD measurement. This study will 
provide a baseline for biomechanical observations of the musical population, specifically upper 
string musicians. These biomechanical standards will be used to explore the relationship between 
upper body postures and positions, and shoulder pain associated with playing an upper string 
instrument.
Significance 
Musicians experience a wide range of musculoskeletal problems that stem from a variety 
of mechanisms such as the postures and positions associated with playing the instrument.2,3,13-37 
These problems often lead to missed time from work/practice/school/performances, create 
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substantial healthcare cost for the musicians or the institutions they play for, and can even lead to 
career ending injuries.38 Musicians are often hesitant about reporting these injuries due to fear of 
missing time from work or school and the associated stigma in the competitive world of 
performing arts.21,27,38,39 The results of this study will help to provide a better understanding of 
shoulder mechanics and anatomical changes seen in upper string musicians. This better 
understanding will provide clinicians with the ability to make recommendations for the best 
interventions available in order to reduce the risk of these problems.   
Studies performed among musicians at large show that upper string musicians are more 
susceptible to shoulder injuries, especially in the arm that holds the bow, compared to other types 
of musicians.3,15,26,27,39,40 One of the main reasons these musicians develop shoulder pain can be 
due to the repetitive motions that stress the shoulder joint.41 When playing an upper string 
instrument, a musician positions the bow-arm between 35o - 2o of shoulder abduction, 87o - 15o of 
shoulder flexion and 80o -50o of internal rotation.41 Combining shoulder abduction with internal 
rotation and flexion creates a narrowing of the subacromial space associated with supraspinatus 
tendon impingement.42 Putting these shoulder structures under repeated stress, as high level 
upper string musicians do, may cause SAIS.   
SAIS is a common mechanism for limiting sensation and mobility in the arms of upper 
string musicians.38 SAIS is defined as an injury mechanism that can lead to a shoulder pain / 
dysfunction and refers to the compression of any of the structures that lie beneath the 
acromion.43,44 The space beneath the acromion can be measured ultrasonographically by 
observing the distance between the head of the humerus and the anterior third of the acromion. In 
the same fashion, the thickness of the supraspinatus tendon can be measured.45,46 SAIS in general 
populations has been linked to risk factors such as postural abnormalities, scapular dyskinesis, 
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repetitive internal rotation with horizontal flexion, and overuse of the rotator cuff, which can lead 
to a thickening of the supraspinatus tendon.7-12,47  Upper string musicians are associated with 
many if not all of these risk factors when playing in a professional or academic environment, 
which can account for the reportedly high SAIS prevalence specifically in the bow-arm of upper 
string musicians.3,32,48   
Null Hypothesis 
The null hypothesis of this study stated that there will be no bilateral or unilateral 
differences in AHD, supraspinatus tendon thickness, or occupation ratio in the bow-arm or 
support-arm. 
 
Alternative Hypothesis 
1. It was hypothesized that ultrasonographic measurements, of the resting AHD 
measurements, will be smaller in the bow-arm compared to the arm supporting the violin, 
due to the increased elevation of the shoulder on that side.  
2. It was hypothesized that the supraspinatus tendon, in the bow-arm, will be thicker than 
the tendon in the arm supporting the instrument, due to the repeated arm motions 
associated with moving the bow.  
3. It was hypothesized that occupation ratio for the bow-arm will be a larger quantity than 
the opposite side, due to the increased elevation of the shoulder on that side and the 
repeated arm motions associated with moving the bow.  
4.  It was hypothesized that the AHD in the unilateral comparison of the bow-arm will be 
smaller, as the bow is placed on the 4th string, when compared to the 1st string.   
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5. It was hypothesized that the AHD, in the unilateral comparison of the support-arm, will 
be smaller as the arm is brought up to support the instrument, compared to the resting 
position.  
 
Limitations  
1. AHD measurements were only taken in static positions. The data collected may not 
represent the characteristics of the subacromial space during arm motion.  
2. This study did not take fatigue into account when making measurements of the 
subacromial space. The data that was collected may not represent the characteristics of 
the subacromial space, as the musicians play a piece over a period of time.  
3. Participants were not excluded based on body mass index (BMI); morphometric 
characteristics can affect the quality of the ultrasound images.  
4. Extrinsic daily activity factors that could affect shoulder characteristics were not  
accounted for when describing the population.  
5. No distinctions were made in analysis between violinists and violists. It is likely slightly 
different measurements would have been collected if the study had isolated just violinists 
or violists.   
Delimitations 
1. Recruited population was 23 upper string musicians between 18-70 years of age. 
2. Recruited participants will be upper string musicians currently enrolled in Marshall 
University’s College of Arts and Media, musicians currently playing in the 
Huntington/West Virginia Symphony, and musicians currently playing live shows 
regularly in the greater Huntington area.  
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3. The Penn Shoulder Score Questionnaire, the DASH (Disabilities of the Arm, Shoulder 
and Hand) and FABQ (Fear Avoidance Belief Questionnaire) will be used to assess 
participant self-reported levels of pain, satisfaction, and function. 
4. A Mindray M5 Ultrasound scanner with variable frequency 5cm sound head (Shenzhen 
Mindray Bio-Medical Electronics Co. LTD: Shenzhen, China) will be used to assess 
tendon thickness as well as AHD.  
Assumptions 
1. The participants are a satisfactory representation of the advanced upper string musician 
population. 
2. The participants will answer all survey questions honestly and to the best of their 
abilities.  
3. The mid-bow positions utilized in the ultrasonographical testing represent an accurate 
mean of all possible positions an upper string musician may find themselves in any given 
performance situation.  
Major Operational Definitions 
Subacromial Impingement Syndrome (SAIS) - Injury mechanism that can lead to a 
number of different pathologies and refers to the compression of any of the structures that 
lie between the anterior and inferior portion of the acromial head and the superior aspect 
of the humeral head.43,44 
Acromiohumeral Distance (AHD) - Delineated by the humeral head, the acromion, and 
the coraco-acromial ligament. In between these structures are the subacromial bursa, the 
tendons of the rotator cuff, and the long head of the biceps, which are common sites of 
inflammation and degeneration in SAIS.43 
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Occupation Ratio (OR) – Supraspinatus tendon thickness measurement divided by resting 
AHD measurement.9  
Rotator Cuff Disease (RCD) – Pathology pertaining to the rotator cuff.  
Diagnostic Ultrasonography - The practice of using a diagnostic ultrasound unit to image 
and measure tissue.  
Upper String Musicians – Musicians that play a stringed instrument supported above the 
shoulders such as the violin or viola.  
Bow-Arm – The arm responsible for holding the instrument’s bow, typically the 
musician’s right arm. 
Support-Arm – The arm responsible for holding the instrument up on the shoulder, 
typically the musician’s left arm.  
First String (1st) – E String / Rightmost string from musician’s point of view. 
Fourth String (4th) – G String / Leftmost string from musician’s point of view.  
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CHAPTER 2 
 
REVIEW OF LITERATURE 
Introduction
Professional as well as student musicians often suffer from musculoskeletal disorders due 
to long hours of repetitive motions, sometimes in uncomfortable positions. These injuries can 
affect a wide range of body parts including, but not limited to: fingers, neck, lower back, jaw, 
shoulder, elbows, etc.2,13,14,17-21,23,25,26,29,33,34,36,40,49-51 Upper extremity injuries seem to be the 
most prevalent, due to the extensive upper body mechanics required to play an instrument. These 
body mechanics can be considered to be occupational hazards. Some of these workplace hazards 
that are specific to musicians include: static loading of muscles, repetition, precision grip, and 
psychosocial work pressures.2,25,27 These conditions are often exacerbated by misinformation 
from instructors and the musician’s reluctance to come forward with symptoms, fearing a loss of 
income or receiving poor grades.27 Among professional organizations and institutions these 
musicians end up requiring treatment for ailments that may have been avoided, if preventative 
measures had been taken before injuries advanced to complicated stages.23 As many as 12% of 
musicians end up abandoning the profession, due to injuries sustained throughout their career.2  
Among this population, orchestral violinists are particularly susceptible to shoulder injuries, 
specifically SAIS.3,32,48 Determining the etiology of this condition is complicated, but examining 
the various postures these musicians utilize is a valuable first step in understanding how these 
injuries can be prevented. This review will be comprised of an exhaustive report of the available 
literature on the epidemiology of musculoskeletal pain in upper string musicians, the kinesiology 
involved in playing an upper string instrument, SAIS, scapular kinematics, and diagnostic 
ultrasound techniques.  
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The intention of this review is to make clear the biomechanical structures and factors 
involved in creating shoulder pain in upper string musicians, and to illuminate the most effective 
ways to measure variation in those elements.
Epidemiology 
In order to understand the significance of examining incidence and prevalence of 
shoulder pain in musicians, it is important to explore the occurrence in general populations first. 
A survey performed between the years of 1971-1975, in the USA, reported that approximately 
7% of adults between the ages 25-75 years old reported having a shoulder disorder of some kind, 
lasting at least one month, in the past year.52 Surveys that collected data in multiple countries 
reported that the one-year period prevalence of shoulder disorders in adults ranged from 20%-
51%.53,54 A study performed in Sweden, in 1974, on the prevalence of shoulder pathology in 
various age groups, reported results that showed a 7% prevalence rate for people between the 
ages of 30-35, a 25% prevalence rate among people 56-70 years of age.55 A more recent 
systematic review (2004) performed in the Netherlands, looking at incidence and prevalence 
rates of shoulder pain in general populations, revealed similar trends for shoulder pain. Within 
the studies examined for the systematic review, average incidence rates for adults of different 
age groups were 0.9%–2.5%.56 These rates are in agreement with data presented by Feleus et al., 
who examined incidence rates of non-traumatic injuries of the shoulder over the course of a year 
in Dutch general practices that placed incidence rates at 2.95%.57 Average prevalence statistics 
for adults of various ages ranged from 6.9% to 26% for point prevalence (proportion of 
population who have a disease or condition at the particular time of testing), 18.6%–31% for 
one-month prevalence (adults that experienced shoulder pain at some point within a one month 
period), 4.7%–46.7% for one‐year prevalence (adults that experienced shoulder pain at some 
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point within a one year period), and 6.7%–66.7% for lifetime prevalence (adults that experienced 
shoulder pain at some point within their lifetime up to the point of the study).56  
Violinists are musicians that can potentially experience a great deal of pain and disability 
from musculoskeletal disorders. Among violinists, the most prevalent sites for injury are the 
neck, shoulder, and wrist.3,36,40 Visentin et al. states that 46%-66% of professional musicians 
must stop performing for an extended period of time at some point in their career, due to 
occupational injuries identified as overuse syndrome in the shoulder.38 
In early questionnaires presented to “premiere violinists” in 1983 who attended the 
Second Quadrennial International Violin Competition, 51.7% responded that they had sustained 
a performance limiting injury at some point in their career. The most frequent reported sites for 
pain were the right shoulder and wrist.40 Of the five respondents who reported shoulder specific 
pain, two were right side only, one was left shoulder pain, and two experienced pain bilaterally. 
There was no data collected on side dominance in this study.40 In 1989, Middelstadt and Fishbein 
administered one of the foundational comprehensive questionnaires given to musicians.27,39 This 
questionnaire consisted of 4,000 professional musicians, employed across the United States by 
48 different symphony orchestras, who were questioned about musculoskeletal disorders that 
they may have experienced. Out of the 55% of these musicians who responded to the 
questionnaire, 31% were identified as violinists. Sixteen percent (16%) of these violinists 
reported right shoulder pain, as the predominant site of injury. Of the total population polled, 
9.3% were violists. Among these musicians, similar results were found, with 16% reporting right 
shoulder pain.  Females also reported higher prevalence of shoulder pain than male string 
players.27,39 Between the years 1986-1996 a series of student health services, at various 
universities, were surveyed to determine the population of music students with the highest 
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incidence of injury. It was determined that violins and violas classified as medium injury rate 
instruments (6.0% -11.9%) with an incidence rate of 9.7% of the injuries seen by the medical 
centers polled. Other instruments taken into account in this study included all the brass 
instruments, oboe, bassoon, all the bowed string instruments, the saxophone, clarinet, organ, 
flute, percussion, piano, guitar, and harp.15 Similar studies performed with music schools in 
Australia showed results with 8% of the musician population receiving treatment for injuries, 
being violinists and violists.17 A retrospective questionnaire study was performed at the 
University of Western Ontario, Canada music department. When 300 students were polled, 
violin students accounted for 42.1% of musculoskeletal injuries per capita. The side of injury 
was not mentioned in the study. The mechanisms most responsible for these injuries included 
posture, technique, and playing habits. The information for this study was also gleaned from 
medical records of music students retained at the student health clinic of the university.22 More 
recent studies reported similar findings.2,25,36 Cross-sectional questionnaires performed in 
Germany received data from 408 musicians spanning ten professional classical orchestras. 
Overall 72% of the musicians reported that the most common sites of pain included the 
neck/cervical spine, followed by pain in the left shoulder (55.1%), and left wrist (52.2%). 
Among the musicians polled, violinist populations were determined to have the highest 
incurrence of neck, shoulder and wrist problems. It was noted that violinists may be reporting 
pain in these regions due to their early start in life as opposed to other musicians. This study 
accounted for gender, and suggested that women showed higher reported incidences of pain in 
these areas, than men.36 A similar study performed in Britain polled 243 orchestral musicians 
spanning six different professional orchestras. Data returned suggested that higher rates of 
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musculoskeletal injuries were found in the shoulder, elbow, wrist, and hand in violinists when 
compared to brass or woodwind sections.25  
Utilizing several questionnaires, another study examined 59 musicians and cross-
examined the results. Questionnaires utilized were the Standardized Nordic Questionnaire 
(SNQ), examining musculoskeletal pain felt over the prior 12 months; the Disabilities of the 
Arm, Shoulder and Hand questionnaire (DASH), a 30-item questionnaire that measures 
biomechanical function and symptoms in populations with preexisting upper extremity 
musculoskeletal disorders; the National Institute for Occupational Safety and Health (NIOSH) 
Generic Job Stress Questionnaire assessing four stressor factors including “Perceived Physical 
Environment” (PPE), “Job Control Assessment” (JC), “Quantitative Job Requirements” (JR), 
and “Perceived Workload” (PW); and the Rapid Upper Limb Assessment (RULA) was used to 
determine the biomechanical and postural loading of the upper limbs, assessing positioning of 
the fingers on the instrument, angulation of the joints, degree of movement, and weight bearing 
over the whole body. Through cross-examination of the responses received, it was determined 
that 61% of strings players reported shoulder pain compared to 32% of wind musicians.2   
 Although these aforementioned studies give us some insight into the problems these 
musicians face, they do not all take into account other factors that may contribute to pain 
amongst violinists e.g.: outside activities, postural differences (seated/ standing) past medical 
history, occupations, size of chin rest, etc. Given the current research, it is reasonable to deduce, 
from looking at the presented data, that violinists in general experience a greater number of 
injuries in the shoulder over any other body part.32,48 When comparing prevalence rates of 
shoulder pain in violinists vs. the general population, violinists have higher percentages, 
especially in younger populations. Non-descript shoulder pain prevalence, from survey data 
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collected from general practice physicians in America of adults ages 25-75, was 7%.52 Similar 
numbers (8%-9.7%) 15,17 of prevalence rates are seen in multiple sets of survey data collected 
from music school health services, which inherently deal with a much younger population. This 
comparison lends credence to the notion that upper string musicians develop shoulder pain in 
higher numbers than the general population.   
Kinesiology of Upper String Musicians 
 To understand why these musicians are having musculoskeletal problems, it is necessary 
to understand the mechanics of the body holistically and track how changes in the upper 
extremity motions affect the subacromial space. The first step is to understand the motions 
necessary to create sound with a violin. The violin is considered an asymmetric instrument, due 
to the fact that there is an unequal distribution of weight bilaterally. It is normally held in the left 
hand and played with a bow in the right.31 Dr. Earl Owen, a leading Australian authority on 
musicians’ injuries, stated that upper string musicians are the most damaged group of musicians, 
due to the unadvantageous playing positions they must assume in their day to day playing 
routines. He also elaborated on the complex series of muscular contractions that must occur in 
order to make music with a violin, stating, “For every muscle in obvious activity there is another 
muscle also working to balance it.”41 
The arm mechanics involved in moving a bow across the strings to produce a sound are a 
complex series of events that must happen simultaneously to execute notes properly. As 
described by Schoonderwaldt et al,34 there are two movement phases of bow movement: the “to” 
phase and the “fro” phase with a shift in dominant hand elevation between the phases. The angle 
of the bow movement requires abduction/adduction and extension/flexion of the shoulder as well 
as internal and external rotation of the glenohumeral joint.34 Demonstrable by a Hawkins-
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Kennedy impingement test, as the greater tuberosity of the humerus is internally rotated towards 
the anterior inferior aspect of the acromion, subacromial space is reduced.42  The radial 
component is primarily caused by flexion/extension of the elbow and ulnar/radial deviation of 
the wrist. These motions can be performed in long strokes, but during intense playing can be 
performed in short repeated oscillations.34 There is a scapular motion component to the bowing 
action as well. During the “to” phase of increased upper extremity horizontal flexion there is an 
increase in scapular upward rotation. Contrariwise the “fro” phase increases upper extremity 
horizontal extension and there is a decrease in scapular plane elevation.34 
 One study quantitatively described the biomechanical motion associated with playing an 
upper string instrument from observations made using motion-capture data. The three-
dimensional motion analysis showed the left arm is held in a near static position. The range of 
motion of the shoulder and elbow joints remained within 5° as did wrist abduction and adduction. 
Wrist flexion, extension, and rotation varied about 10°. Generally playing on different strings 
had no significant influence on the range of motion of the left arm joints (p > 0.05). The left 
shoulder flexion and extension range was constant at 31° (SD = 11°), abduction of 13° (SD = 6°), 
and internal rotation of 22° (SD = 10°); elbow flexion was 101° (SD = 6°). In contrast, the right 
arm showed dynamic properties and the positions characterized by the maximum and minimum 
angles of the shoulder were notably affected by playing on different strings. The instrument’s G 
string (leftmost string) showed the greatest variability in this motion. The right shoulder flexion 
and extension range for the G string was 87o max - 64o min. Shoulder adduction and abduction 
range was 35° max - 10° min. Internal and external rotation range was 80° max - 63° min. The E 
string (rightmost string) showed smaller variability in range of motion. The right shoulder 
flexion and extension range for E string was 60° max - 15° min. Shoulder adduction and 
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abduction range was 26° max - 2° min. Internal and external rotation range was 68° max - 50° 
min.41  
There is also a lateral flexion and rotational component of the cervical spine away from 
the bow-arm as the violinist rests his/her chin on the chin rest of the violin. This cervical motion 
is characterized by a lateral flexion and lateral rotation of the cervical spine. The degree to which 
the cervical spine is angled depends greatly on the size of the violin or viola and whether or not 
the musician is using a shoulder rest below the violin. The musician must also maintain muscular 
contracture in the left upper trapezius and sternocleidomastoid muscles to support the violin.30  
Musicians’ posture is one of the most important factors that affect the quality of play and 
stress put on the body over an extended period of time.14,21,27,31 Postural deviations, in a 
population of violin students from the Academy of Music in Wroclaw, were studied. It was 
found that, when compared to a non-musician student population, the violin students had more 
pronounced (deeper and longer) characteristics of thoracic kyphosis (p < 0.01) and less 
pronounced, shallower lumbar lordosis (p < 0.05). It was also reported that there was a smaller 
inclination angle of the thoracolumbar and lumbosacral section of the spine (p < 0.01).14 
 In order to understand how shoulder pain and, more specifically, SAIS occur in the upper 
string musician population, it is important to pay close attention to the motions that the shoulders 
must undergo in order to create sound with a violin. Internal/external rotation motion combined 
with the horizontal flexion/extension motion causes a narrowing of the subacromial space.42 
Repeating these motions for hours a day for years, wear is inevitable on the structures in the 
subacromial space. These factors combined with any postural deviations that may inhibit 
scapular motion can potentially cause impingement in the shoulder joint of violinists.
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Shoulder Impingement Syndrome
 SAIS is one of the most common shoulder problems associated with the population at 
large accounting for 44%-65% of all shoulder complaints during a physician’s office 
visit.1,9,45,46,58-61 It is also one of the most common complaints among violin musicians 
experiencing shoulder pain in the bow-arm.2,3,32,48 SAIS is an injury mechanism that can lead to a 
number of different pathologies and refers to the compression of any of the structures that lie 
between the anterior and inferior portion of the acromial head and the superior aspect of the 
humeral head.43,44 Neer originally described impingement in 1972. He stated that impingement is 
most likely to occur at the anterior edge and undersurface of the anterior third of the acromion, 
the coroacromial ligament, and also the acromioclavicular joint.43,44 Structures most often 
compressed include the supraspinatus tendon, the long head of the biceps brachii, and the 
subacromial bursa. The subacromial space is defined by the distance between the head of the 
humerus and the acromion.43,44 Shoulder impingement has been classified into two main 
categories: structural and functional. Neer also stated that 95% of all rotator cuff strains/tears 
could be credited to mechanical compression.43,44 This claim has been contested in recent years. 
Budoff et al. estimated that 90% to 95% of rotator cuff defects could possibly be attributed to the 
intrinsic breakdown of the rotator cuff tendons because of tension overload, overuse, and 
traumatic injury rather than direct mechanical compression.62 Though there is a “Chicken Vs 
Egg” debate regarding the mechanism of rotator cuff injury it is clear that SAIS plays a role in 
the degradation of the rotator cuff and it is beneficial to recognize the factors that can cause these 
complications.1  
 Subacromial impingement is caused by structural factors such as development and 
structure of the acromion,63 repetitive eccentric loading or continued use of the arm over 90 
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degrees of elevation which leads to an increased thickness of the supraspinatus tendon,9,62,64-66 or 
functional factors such as superior migration of the humeral head (caused by weakness and/or 
muscle imbalance), abnormal scapular motion associated with rotator cuff or scapular muscle 
pathologies,6,67-69 poor posture,70-72 as well as capsular abnormalities such as laxity or 
tightness.73-75  
 Five (5) special tests can be used to rule in or out SAIS: Neer, Hawkins-Kennedy, painful 
arc, empty can (Jobe), and external rotation resistance tests. The cut point of three or more 
positive of these five tests can confirm the diagnosis of SAIS, while less than three positive of 
these five rules out SAIS. Singular special tests such as painful arc, external rotation resistance, 
and Neer are helpful screening tests to rule out SAIS, while painful arc, external rotation 
resistance, and empty can are useful to confirm SAIS.76 
A systematic review performed in 2011 examined the use of ultrasonographic readings of 
the subacromial space as a reliable diagnostic method in SAIS. The review covered studies that 
involved patients with rotator cuff pathologies including cases pertaining to full thickness tears. 
It was determined that AHD was a reliable marker for determining the extent of subacromial 
impingement, as well as the reliability of diagnostic ultrasound to give accurate readings of the 
subacromial space.12
Systematic Reviews 
Several systematic reviews of the literature have been performed on the subject of 
musculoskeletal injuries in upper string musician populations. These reviews have analyzed a 
multitude of articles and have provided quality insights into the nature of these kinds of injuries 
in these special populations.  
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One systematic review, performed in 2015, examined the occurrence of musculoskeletal 
complaints among professional musicians. This review searched nine literature databases without 
time limits as well as the complete index of the journal Medical Problems of Performing Artists 
(MPAA) up to June 2015. Citation tracking and reference checking of the selected articles were 
performed. The search consisted of the combination of three groups of keywords: musician (e.g., 
musician, violin, music student, instrument player) and musculoskeletal (e.g., musculoskeletal, 
tendon, shoulder, arthritis) and epidemiology (e.g., prevalence, incidence, occurrence). Twenty-
one (21) articles describing 5424 musicians were included in this review. It was found that point 
prevalences of musculoskeletal complaints in professional musicians range between 9-68%; 12-
month prevalences range between 41-93%; lifetime prevalences range between 62-93%. Ten 
(10) out of 12 studies show a higher prevalence of musculoskeletal complaints among women. 
The neck and shoulders are the anatomic areas most affected and elbows are least affected. It 
was found that there was no clear consensus among the literature which group of instrumentalists 
experienced the most musculoskeletal complaints. Contrariwise it was found that the literature 
supports evidence that brass instrumentalists seem to be the least likely group of musicians to be 
affected by musculoskeletal complaints. The study concluded that further research elucidating 
the specific epidemiology of various musculoskeletal complaints is necessary to fill the gaps in 
the research.23  
Another systematic review, performed in 2012, looked specifically at the research 
surrounding musculoskeletal disorders in professional violinists and violists. Of the 58 that were 
selected and read, 30 fulfilled the initial inclusion criteria and were used in this study. Articles, 
theses, and dissertations, searched for through Medline, Lilacs, Cochrane and Scielo databases 
were used in this study. The key words utilized were “musculoskeletal disorder,” “lesions,” and 
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“musicians” in Portuguese, English and Spanish. Only articles in Portuguese, English and 
Spanish were selected, without any deadline. It was noted in the findings that the 
musculoskeletal problems observed most often in musicians are overuse (50%), nerve 
compression or thoracic outlet syndrome (20%), and focal dystonia (10%). It was also concluded 
that the neck, shoulder, and temporomandibular joint were the most common sites for 
musculoskeletal complaints in upper string musicians, due to prolonged flexion of the head and 
shoulder involved with playing these instruments.29  
Scapular Kinematics 
 Kibler et al.77-79 describe scapular dyskinesis as an abnormal scapular motion or position 
during active arm elevation. It is theorized to contribute to SAIS by reducing the subacromial 
space.77-79 During humeral elevation, a healthy scapula will rotate three-dimensionally into a 
position of upward rotation, external rotation, and posterior tilt.11 
A systematic review performed in 2014 concluded that the links between scapular 
kinematics and subacromial space were not consistent enough to determine whether the two 
conditions are directly linked.80 The ten studies included in the review, utilizing various methods 
for determining the scapular position and subacromial space, included two-dimensional 
radiological measurements, 360° inclinometers, and three-dimensional motion tracking devices. 
The studies stated that, due to SAIS’s multifactorial nature, it is difficult to isolate one common 
cause.80  Although there has not been sufficient evidence to form an established link, scapular 
dyskinesis is often seen in patients with SAIS. Studies have suggested that there is a link 
between scapular dyskinesis and reduction of subacromial space with passive motion.4-6 Seitz et 
al. found that patients with scapular dyskinesis saw an increase in subacromial space when the 
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scapula was manually stabilized, suggesting that maintaining healthy scapular kinematics is 
important to maximizing the distance between the glenohumeral head and the acromion.11,12  
 Scapular motion is also determined by postural factors. Increasing the kyphotic curve, by 
slouching over, will decrease the ability of the scapula to rotate upwards, tilt posteriorly, 
internally rotate, and elevate.72  Increased kyphosis is also associated with anterior tilting of the 
scapula as well as internal rotation.81 Due to the link between slouched posture and negatively 
affected scapular motion and the link between SAIS and scapular dyskinesis, it stands to reason 
that hyper kyphotic posture can contribute to reducing the subacromial space and subsequently 
increase the likelihood of SAIS. 11,12,72 One study investigated how various postures effect 
subacromial space throughout different ranges of arm motion. The research did not find any 
significant differences in AHD when using a slouched posture, as opposed to a relaxed or upright 
posture, when the arm was at rest beside the participants. There was, however, a considerable 
increase in the AHD measurements when participants assumed an upright posture and abducted 
their arm to 45°.8  
Diagnostic Ultrasound  
 Diagnostic ultrasound has been used to image and measure various aspects of the 
subacromial space. Shoulder structures able to be imaged include AHD and supraspinatus tendon 
thickness. Diagnostic ultrasound has been shown to be reliable in measuring tendon thickness as 
well as AHD. Desmeules et al. reported findings related to diagnostic readings of subacromial 
space in various shoulder positions.82 It was shown in the study that intraclass correlation 
coefficient, for interobserver reliability, ranged from 0.86 to 0.92, for the three shoulder 
positions. It was also shown that there was a significant reduction of the AHD within groups 
between rest and active abduction (p < 0.05). Comparison of AHD between groups was not 
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statistically different (P = 0.06; beta < 0.80).82 Anozzi et al.83,84 performed tests comparing 
radiographic examination to sonographic examination. It was demonstrated that values obtained 
from ultrasonography were not distinguishable from values obtained from radiography (p>0.8). 
One-way ANOVA showed that sonographic measurements were statistically different, among 
the four groups that were tested (p < 0.05). The authors suggested that these tests demonstrated 
that ultrasonography can be precise and accurate when taking measurements of the subacromial 
space.83,84   
Patient Reported Outcome Measures  
 When performing research, it is beneficial to have background information about the 
participants in order to derive summery statistics about the population. Surveys that have been 
found valid and reliable include the Penn Shoulder Score Questionnaire (PSS), Fear-Avoidance 
Beliefs Questionnaire (FABQ) and the Disabilities of the Arm, Shoulder and Hand (DASH). 
These are used to assess participant self-reported levels of pain, satisfaction, function, and to 
monitor change over time. 
 Leggin et al. described the scoring mechanism behind the PSS. The PSS is a 100-point 
shoulder-specific self-report questionnaire consisting of three subscales including pain, 
satisfaction, and function. The three subscales of the pain section include items that address pain 
at rest, with normal activities and with strenuous activities. Participants are asked to circle a 
number from one to ten that represents their pain.  
Leggin et al.85 reported a reliability analysis that demonstrates the survey is a reliable and 
valid measure for reporting the outcome of patients with various shoulder disorders (Test-retest 
ICC of 0.94)(95% CI, 0.89-0.97). Internal consistency analysis revealed a Cronbach alpha of 
0.93. Standard error of measurement was ± 8.5 scale points (based on a 90% CI) and the minimal 
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detectable change (MDC) was ± 12.1 scale points (based on a 90% CI). The minimal clinically 
important difference (MCID) for improvement was 11.4 points. Pearson product moment 
correlation coefficients between the PSS and the CSS and ASES were 0.85 and 0.87, 
respectively. Responsiveness analysis revealed an effect size of 1.01 and a standardized response 
mean of 1.27.85 
The Disabilities of the Arm, Shoulder and Hand (DASH) Outcome Measure is a 30-item 
questionnaire, with a five-item response option for each item designed to measure physical 
function and symptoms in participants with any or several musculoskeletal disorders of the upper 
limb. The test has a maximum score of 100, where higher scores reflect greater disability. It can 
be used as either a one-time measure or to determine change over time. 86   
The DASH was found valid and reliable for testing both proximal and distal disorders of 
the upper extremity for multiple joints. Test-retest reliability (ICC = 0.96) was found to be 
satisfactory. Internal Consistency (Cronbach’s alpha) was found to be 0.90. Responsiveness 
SRM (ES) was found to be 1.2 (0.7). Standard Error of Measurement (points) were found to be 
4.6, 7.1. Minimal Detectible Change (points) were found to be 12.75, 12.8. 86 
The Fear-Avoidance Beliefs Questionnaire (FABQ) focuses specifically on how a 
participant’s fear-avoidance beliefs about how physical activity and work may affect and 
contribute to his/her low back pain (i.e. the cognitive/affective components of pain that are 
differentiated from specific tissue damage, injury, and nociception) and resulting disability. 
This Self-reported questionnaire consists of 16 questions scaled from zero to six 
(maximum score of 96; higher score indicates fear avoidance behaviors). The first five questions 
pertain to physical activity while the remaining 11 pertain to work. The Physical Activity 
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subscale (FABQ-PA, range: 0 to 24) is the sum of items 2-5; the Work subscale (FABQ-W, 
range: 0 to 42) is the sum of items 6, 7, 9-12, and 15. 
The FABQ (when “back” is replaced with “shoulder” in the measure) is an excellent 
predictor of how fear avoidance behaviors contribute to shoulder pain and disability (ICC = 0.88, 
95% CI of 0.75-0.93).87,88 
Significance  
 The purpose of this study was to determine the relationship between various arm 
positions associated with playing upper string instruments and the AHD and supraspinatus 
tendon thickness in both the bow-arm and the support-arm. It is expected that this information 
will be useful in understanding the etiology of SAIS as it specifically relates to upper string 
musicians. This research will improve treatments of shoulder pain and develop shoulder pain 
preventive interventions for upper string musicians with subacromial syndrome.           
Further research 
Further research regarding SAIS in the general population is needed, to identify and 
isolate the individual functional factors that contribute to the pathology. Studies utilizing 3D 
kinematic analysis should be paired with ultrasonographical measures to thoroughly explore the 
subacromial space in various postures and positions.  
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CHAPTER 3 
 
METHODS
Purpose 
 The primary purpose of this study was to determine how various arm positions, 
associated with playing upper string instruments, affect AHD and supraspinatus tendon thickness 
in both the bow-arm and the support-arm, specifically bilateral comparison of supraspinatus 
tendon thickness, bilateral comparison of AHD, unilateral comparison of AHD throughout 
various bow positions, and unilateral comparison of AHD in the arm holding the instrument. A 
description of the research design, participant selection, research instrumentation, survey 
procedure, and methods of analysis are discussed in this chapter.     
Participants 
Participant Recruitment 
Participants were recruited from the Marshall University Department of Music, the 
Huntington Symphony Orchestra, the West Virginia Symphony Orchestra, as well as the greater 
Huntington, WV area. The target participants play an instrument that classifies as an upper string 
instrument, such as the violin or viola.89 Participants were between the ages of 18-70 years old. 
Due to the difficulty and time it takes to master the instrument, it is commonplace for serious 
upper string musicians to begin their training in the formative years, as young as three or four 
years old, qualifying 18 year old musicians that have been accepted to an accredited music 
program as valid representations of the advanced musician population.32,48      
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Participants  
Twenty-three (23) upper string musicians participated in the study, 20 of which were 
violinists (86.95%) and three were violists (13.04%). No participants were excluded from the 
study. Of the participants, 14 females (60.86%) and nine males (39.13%) were evaluated. Ten 
upper string musicians reported current shoulder pain (43.4%) and 13 did not (56.52%). No 
participants had a clinical presentation of SAIS. Of the ten that reported shoulder pain, only three 
presented with two or more positive special tests in one or both shoulders (13.04%), and only 
one presented with 3 positive SAIS tests (4.34%). Of the 13 that reported no shoulder pain, one 
presented with two or more positive special tests in one or both shoulders (4.35%). (Table 3.1) 
Participants’ ages ranged between 19 to 66 years (33.87 + 15.18 years). The average age of 
participants that complained of current shoulder pain was (33.00 + 14.69 years). The average age 
of participants that did not complain of current shoulder pain was (32.31 + 15.93 years). Mean 
reported practicing time daily for primary instrument was (2.21 + 1.21 hours) with a weekly 
mean of (5.01 + 1.48 days). Mean years played for primary instrument was (23.87 + 13.84 
years). Survey response data revealed high participant rated functionality among participants 
who reported shoulder pain as well as those that did not. Expanded demographic information 
regarding the two groups is presented in Table 3.2.  
IRB Consideration  
All musicians were required to fully comprehend and sign an informed consent form 
before being admitted for participation (Appendix A). A medical/biological IRB application was 
submitted and approved by the Marshall University Office of Research Integrity (Appendix B). 
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Exclusion Criteria: 
 Musicians greater than 70 years old and younger than 18 years old were not considered 
for participation. 
 Musicians with restricted arm motion greater than 50% in any plane of motion, were not 
considered for participation.  
 Musicians with any medical condition that would prevent them from sitting for a period 
of an hour, were not considered for participation. 
 Musicians with any medical hardware in their shoulder that would prevent accurate 
ultrasound readings were not considered for participation. 
Inclusion Criteria:  
 Male and female upper string musicians  
 Musicians between the ages 18-70 
Study Design 
This study was a descriptive within participant study. The study was broken up into five 
separate comparisons in order to test the hypotheses stated earlier.  
1. Bilateral comparison of AHD 
2. Bilateral comparison of tendon thickness 
3. Bilateral comparison of occupation ratio.  
4. Unilateral comparison of the AHD in the bow-arm (rest, 1st string).  
5. Unilateral comparison of the AHD in the support-arm (rest, support position). 
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Independent Variables  
Bilateral Comparisons of AHD, Tendon Thickness, and Occupation Ratio  
 Position of arm  
o Resting on thigh  
o Hand on small of the back 
Unilateral Comparison of the AHD in the Bow-Arm  
 Position of bow-arm 
o Resting  
o Mid-bow 1st string (Figure 3.3) 
o Mid-bow 4th string (Figure 3.4) 
Unilateral Comparison of the AHD in the Support-Arm 
 Position of support-arm  
o Resting  
o Supporting Violin (Figure 3.5) 
Dependent Variables 
Bilateral Comparisons of AHD, Tendon Thickness, and Occupation Ratio 
 Supraspinatus tendon thickness 
 AHD  
 Occupation Ratio (Tendon thickness / Resting AHD)  
Unilateral Comparison of the AHD in the Bow-Arm  
 AHD  
Unilateral Comparison of the AHD in the Support-Arm  
 AHD  
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Instrumentation
This study utilizes a variety of instruments to assess AHD, supraspinatus tendon thickness, 
postural deviations, and length of the bow. 
 A Mindray M5 Ultrasound scanner with variable frequency 5cm sound head (Shenzhen 
Mindray Bio-Medical Electronics Co. LTD: Shenzhen, China) was used to assess tendon 
thickness as well as AHD. Diagnostic ultrasound has been shown to be reliable in 
measuring tendon thickness as well as AHD.82-84  
 Wall mounted height chart in centimeters  
 A medical scale that measures weight in kilograms 
 A standard metric tape measure to determine bow length and midpoint  
 A twist tie to mark the midpoint of the bow 
 A chair 
 The Penn Shoulder Score Questionnaire to assess participant self-reported levels of pain, 
satisfaction, and function. The PSS is a 100-point (100 = perfect shoulder function) 
shoulder-specific self-report questionnaire consisting of three subscales of pain, 
satisfaction, and function. This scale has been shown to be a reliable method for assessing 
participant subjective shoulder pain.85 
 The Disabilities of the Arm, Shoulder and Hand (DASH) is a 30-item questionnaire, with 
a five-item response option for each item designed to measure physical function and 
symptoms in participants with any or several musculoskeletal disorders of the upper limb. 
The test has a maximum score of 100, where higher scores reflect greater disability. It 
can be used as either a one-time measure or to determine change over time. The DASH 
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has been found valid and reliable for testing both proximal and distal disorders of the 
upper extremity for multiple joints. 86   
 Fear-Avoidance Beliefs Questionnaire (FABQ) is a self-reported questionnaire consisting 
of 16 questions scaled from zero to six. The first five questions pertain to physical 
activity while the remaining 11 pertain to work. This questionnaire has shown excellent 
reliability for assessing participant’s fear-avoidance beliefs about how physical activity 
and work may affect and contribute to pain.87,88  
Procedure 
Participants were tested one at a time by a certified athletic trainer.
Demographics 
 Sex and age were identified by the participant and recorded by the investigator.  
Measurements  
The participant was asked to stand up straight, feet together, with back pressed up against 
a wall mounted height chart. Height was recorded in centimeters by the examiner.  
The participant was then asked to step on a medical floor scale. Weight was recorded in 
kilograms by the examiner.  
The bow was then measured using a standard metric tape measure and a mid-point was 
established and marked with a twist tie as to not leave a mark on the bow.  
Special Tests 
The participant was then tested for possible shoulder pathologies using various special 
tests namely the Neer’s test43, the Hawkins-Kennedy test42, Jobe’s Test45, Painful Arc Test90, 
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Drop Arm Test91, Sulcus Sign91, Apprehension/ Relocation Tests91, External Rotation Lag 
Sign92, Liftoff Test93, and Scapular Assistance Test94.  
Surveys  
Participants were first given the Penn shoulder (ICC of 0.94 (95% CI, 0.89-0.97), 
(Cronbach alpha = 0.93), (SEM = ± 8.5), (MDC = ±12.1), (MCID = 11.4 points) (Appendix C) 85 
and given ample time to fill it out. Shoulder pain grading was performed later by a single 
examiner. Pain was scored on a scale of one to ten with one being “no pain” and ten being “worst 
imaginable pain.” The test was scored for each section by subtracting the number circled from 
the maximum of ten. Thirty points are awarded when a participant reports no pain. If a 
participant was not able to use the arm for normal or strenuous activities, zero points were scored 
for that item. Participant satisfaction with shoulder function is also assessed with a ten-point 
numeric rating scale. Scale was rated from ‘‘not satisfied’’ to ‘‘very satisfied.’’ A maximum of 
ten points for this section indicates that the participant was ‘‘very satisfied’’ with the current 
level of their shoulder function. The function subsection was based on a sum of 20 items, each 
with a four-point Likert scale. The response options include zero (can’t do at all), one (much 
difficulty), two (with some difficulty), and three (no difficulty). Most participants complete the 
test in less than ten minutes, and the clinician typically calculated the final scores in less than two 
minutes.85  
 Participants were then given the DASH (ICC = 0.96), (Cronbach’s alpha = 0.90). (SEM = 
4.6, 7.1), (MDC = 12.75, 12.8) (Appendix C)86 and ample time to fill it out. The DASH was 
scored in two components. The first component is the disability/symptom questions (30 items, 
scored one - five). The second component was the optional high-performance sport/music or 
work section (four items, scored one - five). At least 27 of the 30 items must be completed for a 
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score to be calculated. The assigned values for all completed responses are simply summed and 
averaged, producing a score out of five. This value was then transformed to a score out of 100, 
by subtracting one and multiplying by 25. This transformation was done to make the score easier 
to compare to other measures scaled on a 0-100 scale. A higher score indicates greater 
disability.95  
Participants were then given the FABQ (ICC = 0.88, 95% CI of 0.75-0.93) and ample 
time to fill it out (Appendix C). The FABQ consists of two subscales, which are reflected in the 
division of the outcome form into two separate sections. The first subscale (items one - five) is 
the Physical Activity subscale (FABQPA), and the second subscale (items six - 16) is the Work 
subscale (FABQW). Not all items contribute to the score for each subscale; however the 
participant should still have completed all items as these items were included when the reliability 
and validity of the scale was initially established. Each subscale was graded separately by 
summing the responses to respective scale items (zero - six for each item); for scoring purposes, 
only four of the physical activity scale items are scored (24 possible points) and only seven of 
the work items (42 possible points). It was extremely important to ensure all items were 
completed, as there is no procedure to adjust for incomplete items.88 
Diagnostic Ultrasound Methods 
Four (4) separate sets of ultrasound imaging trials were conducted. These trials measured 
bilateral supraspinatus tendon thickness, bilateral comparison of AHD, unilateral comparison of 
AHD throughout various bow positions, and unilateral comparison of AHD in the arm holding 
the instrument.  Evaluation of the shoulder was performed as described by Jacobson.96 A targeted 
examination of the structures of the rotator cuff was imaged. This procedure was used to image 
the structures that are most commonly sites of shoulder pain and will allow for the assessment of 
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the structures involved in the individual participant. Anatomical structures imaged, in order of 
evaluation as recommended by Jacobson are: 
1. The supraspinatus tendon 
2. AHD  
Ultrasound measures of supraspinatus tendon thickness, and AHD were measured as previously 
described; these procedures have been described in the literature to be reliable.  
Tendon Thickness 
Tendon thickness was measured in millimeters (mm) and was calculated as the mean 
value of two images measuring supraspinatus tendon thickness in longitudinal and cross-
sectional section. (Figure 3.6)  Measurements were taken from the humeral head to the 
hyperechoic superior margin of the supraspinatus tendon using onscreen calipers as previously 
decribed.47,97 All measurements were made by the same single examiner.  
Acromiohumeral Distance  
A Mindray M5 Ultrasound scanner with variable frequency 5cm sound head (Shenzhen 
Mindray Bio-Medical Electronics Co. LTD: Shenzhen, China) with an adjustable 5.0-12.5 MHz 
frequency linear array transducer was used to capture images AHD measurement. The AHD, the 
shortest distance between the humeral head and the lateral inferior tip of the acromion in 
millimeters83,84, (Figure 3.7) was measured with software embedded in the scanner by a single 
examiner. The average of the two AHD measurements from two separate images was used for 
statistical analysis. AHD measures using this technique have demonstrated good reliability82-84 
and concurrent validity with radiographs.83 Measurement of accuracy at a 40mm depth within + 
3% was reported to be < 1.5mm of error.98 Ultrasonographic measures of the posterior 
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acromiohumeral distance measurements, used in the support-arm were also found to be within 
similar reliability ranges.99 Ultrasonographic measurements of the AHD and the supraspinatus 
tendon thickness were assessed for inter-rater reliability using test retest protocol with seven 
participants. AHD measurements showed high reliability with high interclass correlation 
coefficient, lower standard error of measurement as well as minimal detectible change (ICC = 
0.962, SEM 95% = 0.379mm, MDC 95% = 0.536mm). Supraspinatus tendon measurements 
were found to be less reliable with lower interclass correlation coefficient and higher standard 
error of measurement as well as minimal detectible change (ICC = 0.760, SEM 95% = 0.619mm, 
MDC 95% = 0.876mm). All measures were made later by a single examiner from images saved 
on the ultrasound unit. 
Bilateral Supraspinatus Tendon Thickness 
For measurements of tendon thickness, ultrasonographic images were taken bilaterally in 
the standard I and II views (cross section and longitudinal views), as described by Teefey for 
best visualization of the supraspinatus tendons.100 The participants were placed in a seated 
position with the hand of the arm to be tested positioned on their iliac crest- hip. The elbow is 
directed posteriorly. The probe was placed perpendicular to the plane of the scapula on top of the 
supraspinatus muscle on the top of the shoulder. Two (2) images in each shoulder were captured 
for later measurement of the cross sectional width of the supraspinatus tendon. 
Bilateral Resting AHD 
The participant was placed in a seated position with their arms at their side in a relaxed 
position and their feet on the floor. The examiner palpated the clavicle and acromion process of 
the right shoulder. While the examiner palpated the acromion process, the ultrasound transducer 
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was aligned in the plane of the scapula and the anterior acromion process was located. The 
transducer was then placed above the anterior acromion and the image was recorded. Both 
shoulders were imaged. All images were measured at a later time by a single examiner.  
Unilateral Comparison of AHD in Bow-Arm 
AHD for two bow positions was analyzed for this trial (mid-bow 1st string and mid-bow 
4th string). The participant was placed in a seated position, supporting the neck of the violin, with 
the violin positioned under the chin. The bow-arm was elevated and positioned on the 1st string 
at the marked midpoint of the bow. The examiner palpated the clavicle and acromion process of 
the bow-arm shoulder. While the examiner palpated the acromion process, the ultrasound 
transducer was aligned in the plane of the scapula and the anterior acromion process was located. 
The transducer was then placed above the anterior acromion and the image was recorded. The 
trial was then repeated with the bow positioned on the 4th string at the marked midpoint of the 
bow.  All images were measured at a later time by a single examiner.  
Unilateral Comparison of AHD in the Support-Arm  
AHD for the support-arm shoulder was analyzed for this trial. The participant was placed 
in a seated position, supporting the neck of the violin, with the violin positioned under the chin. 
The bow-arm was elevated and positioned on the 1st string at the marked midpoint of the bow.  
The examiner palpated the clavicle and acromion process of the bow-arm shoulder. While the 
examiner palpated the acromion process, the ultrasound transducer was aligned in the plane of 
the scapula and the posterior acromion process was located. Because of the proximity of the 
transducer to the violin when using the anterior aspect of the acromiohumeral space the 
transducer was placed above the posterior acromion and the image was recorded. Two (2) 
Images were taken in each plane for accuracy. All images were measured at a later time by a 
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single examiner. Testing of posterior acromion as opposed to anterior acromion was found to be 
the most effective and reliable way to measure the subacromial space.99 This change in protocol 
was made after three participants had been tested resulting in (N = 20). 
Statistical Analysis
 Summary statistics were generated on basic demographic data and responses to Penn 
Shoulder, FABQ, and DASH Questionnaires. Means and standard deviations are reported in 
order to better describe the study. All statistical calculations were made using SPSS® 22.0 
statistical software (SPSS Inc., Chicago, Il, USA). All statistical significant differences 
determined at p ≤ 0.05. 
Bilateral Supraspinatus Tendon Thickness 
A paired T-test was performed on the data collected regarding bilateral supraspinatus 
tendon thickness. Mean calculations for the bow-arm were attained. Mean calculations for the 
support-arm were attained. Standard deviation calculations for both measurements were 
acquired. A paired T-test was performed to determine if there were any significant differences in 
the data between sides.  
Bilateral Resting AHD  
A paired T-test was performed on the data collected regarding resting bilateral AHD 
figures. Mean and standard deviations calculated for the bow-arm were attained. Mean 
calculations for the support-arm were attained. Standard deviation calculations for both 
measurements were acquired. The paired T-test was performed to determine if there were any 
significant differences in the data between sides.  
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Occupation Ratio 
An occupation ratio was calculated unilaterally by
𝑇𝑒𝑛𝑑𝑜𝑛 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠
𝐴𝑐𝑟𝑜𝑚𝑖𝑜ℎ𝑢𝑚𝑒𝑟𝑎𝑙 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒
. Mean 
calculations for the bow-arm were attained. Mean calculations for the support-arm were attained. 
Standard deviation calculations for both measurements were acquired, then a paired T-test was 
performed to determine if there were any significant differences in the data between sides. 
Unilateral Comparison of AHD in Bow-Arm 
A one way repeated measures ANOVA was used to compare AHD figures in the bow-
arm. The independent variables are the positions of the bow-arm in relation to the strings of the 
violin: resting, 1st string, 4th string. The mean and standard deviation were calculated for the 
AHD measurements in each position. A post hoc analysis was then completed to identify where 
the differences occurred between arm positions, with all statistical differences determined at p ≤ 
0.05. 
Unilateral Comparison of AHD in the Support-Arm  
The mean and standard deviation of the AHD measurements were calculated for each 
arm position. A one-way ANOVA was performed in order to test the difference of arm 
positioning on AHD. The independent variable levels being the bow-arm positions in: resting, 1st 
string, and 4th string. Significant main effects were explored post-hoc using the paired T-test to 
statistically show significant differences in the AHD between arm position levels. A post hoc 
analysis was then completed with all statistical significance determined at p ≤ 0.05. 
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Figures and Tables 
Table 3.1: Participants with and without shoulder pain, special test results.  
Participants 
with Reported 
Pain 
Painful 
Arc 
Test 
Drop 
Arm 
Test 
Sulcus 
Sign 
Hawkins-
Kennedy 
Test 
Neer’s 
Impingement 
Test 
Apprehension 
Test 
Relocation 
Test 
External 
Rotation 
Lag Sign 
Liftoff Scapular 
Assistance 
Test 
Participant 
3 
   Right 
Shoulder 
Positive 
Right Shoulder 
Positive 
     
Participant 
15 
   Right/ Left 
Shoulder 
Positive 
Right/ Left 
Shoulder 
Positive 
Left Shoulder 
Positive 
    
Participant 23   Left 
Shoulder 
Positive 
Left 
Shoulder 
Positive 
Left Shoulder 
Positive 
    Left 
Shoulder 
Positive 
Participants 
with No 
Reported 
Pain 
          
Participant 
2 
   Right/ Left 
Shoulder 
Positive 
Right 
 Shoulder 
Positive 
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Table 3.2: Demographic information pertaining to upper string musicians included for participation that 
reported current shoulder pain and those that did not report current shoulder pain. Standard deviations or 
percentage of prevalence were reported as well for the individual groups.  
 Means of Participants 
Reporting Current 
Shoulder Pain (n = 10) 
 
Standard Deviation 
/ 
Prevalence 
Percentage 
Means of Participants  
Not Reporting Current 
Shoulder Pain (n = 13) 
Standard Deviation 
/ 
Prevalence 
Percentage 
Age 33.00  SD = + 14.69 
 
32.31 SD = + 15.93 
 
Males 4 PP = 17.39%  5 PP = 21.73% 
Females 6 PP = 26.08% 8 PP = 34.78% 
Height (cm) 173.88 SD = + 9.51 
 
168.89 SD = + 8.31 
Weight (kg) 83.68 SD = + 28.11 
 
71.65 SD = + 16.13 
Daily Practice (Hours) 2.2 SD = + 1.11 2.2 SD = + 1.33 
Weekly Practice (Days) 4.85 SD = + 1.47 5.14 SD = + 1.53 
Weekly Practice (Hours) 11.2 SD = + 8.15 10.85 SD = + 5.05 
Years Played 24.5  SD = + 13.61 23.28 SD = + 14.54 
Participants Reporting 
Regular Exercise 
8 PP = 34.78% 7 PP = 30.43% 
Participants Reporting 
Regular Upper Extremity 
Exercise 
8 PP = 34.78% 7 PP = 30.43% 
Mean BMI 27.68 SD = + 9.40 25.12 SD = + 4.69 
FABQ (Physical Activity) 9.3 
 
SD = + 5.25 8.30 
 
S D= + 6.53 
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FABQ (Work) 10.5 
 
SD = + 8.20 5.153 
 
SD = + 6.87 
DASH 11.59 
 
SD = + 7.75 5.59 
 
SD = + 6.91 
DASH (Performance) 13.12 
 
SD = + 14.26 4.32 
 
SD = + 7.38 
PENN 86.1 
 
SD = + 8.19 95.53 
 
SD = + 4.91 
 
Figure 3.3: 1st string mid-bow position for right side AHD measurements 
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Figure 3.4: 4th string mid-bow position for right side AHD measurements 
 
Figure 3.5: Arm supporting the instrument with 1st finger on the 1st string 
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Figure 3.6: Ultrasonographic images of the supraspinatus tendon, longitudinal view (left), transverse 
view (right)  
 
 
Figure 3.7: Ultrasonographic image of the AHD (arrow) 
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CHAPTER 4 
 
RESULTS 
Bilateral Resting AHD   
A paired T-test was performed to determine if there were any significant differences in 
the data between sides (n = 23). It was found that there was a statistically significant difference 
in the right shoulder, when compared to the left shoulder (Mean difference = -0.561 + 1.089mm; 
t = -2.471; p < 0.001). It was found that the AHD in the right shoulder, (11.713 + 0.327mm) was 
smaller than that of the left (12.273 + 0.404mm) (Figure 4.1).  
Bilateral Supraspinatus Tendon Thickness 
Bilateral supraspinatus tendon thickness differences were analyzed using a paired T-test 
to determine if there were any significant differences in the data between sides (n = 23). It was 
found that there were no statistically significant side differences among the population samples 
for the transverse (t = 0.717; p < 0.481) and longitudinal (t = 1.445; p < 0.163) planes. The mean 
thickness for the left supraspinatus tendon (5.687 + 0.211mm) was not significantly different 
when compared to the right side. (5.889 + 0.262mm). Mean cross sectional difference = 0.143 + 
0.200mm; mean longitudinal difference = 0.261 + 0.181mm (Figures 4.2, 4.3, 4.4).  
Occupation Ratio 
The occupation ratio was analyzed by
𝑇𝑒𝑛𝑑𝑜𝑛 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠
𝐴𝑐𝑟𝑜𝑚𝑖𝑜ℎ𝑢𝑚𝑒𝑟𝑎𝑙 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒
, and a paired T-test was 
performed to determine if there were any significant differences in the data between sides (n = 
23). There was a statistically significant difference in the occupation ratio between the left (0.472 
+ 0.021mm) (t = 1.527; p < 0.141) and right shoulder (0.507 + 0.022mm) (t = 2.431; p < 0.024). 
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Mean cross sectional difference = 0.029 + 0.019mm; mean longitudinal difference = 0.041 + 
0.017mm (Figure 4.5). 
Unilateral Comparison of AHD in Bow-Arm  
A unilateral comparison of AHD in the bow-arm was analyzed using a one-way ANOVA 
(n = 23). Post hoc analysis was then completed to confirm where the differences occurred 
between groups, with all statistical differences determined at p≤0.001. On the right side, analysis 
revealed, the arm position’s main effect was significant (F(1,22) = 74.317; p < 0.001), the mean 
AHD in the 4th string position (8.459 ± 0.449mm) was less than the 1st string (10.978 ± 
0.319mm) and resting (11.713 ± 0.327mm) positions (Figure 4.6).  
Post hoc analysis identified that the differences between all groups were significant: 
Resting position vs. 1st string position (Mean Difference = 0.735) (SEM = 0.220) ( p < .009) 
(95%CI = 0.164, 1.305), Resting position vs. 4th string position (Mean Difference = 3.254 mm) 
(SEM = 0.378mm) ( p < .001) (95%CI = 2.276, 4.233), 1st string position vs. resting position 
(Mean Difference = -0.735mm) (SEM = 0.220mm) (p < 0.009) (95%CI = -1.305, -0.164), 1st 
string position vs. 4th string position (Mean Difference = 2.520mm) (SEM = 0.245 mm) (p < 
.001), 4th string position vs. Resting position (Mean Difference = -3.254mm) (SEM = 0.378mm) 
(p < .001), 4th string position vs. 1st position (Mean Difference = -2.520mm) (SEM = 0.245mm) 
(p < .001).  
Unilateral Comparison of AHD in the Support-Arm   
 Repeated measures ANOVA (n = 20) was performed in order to test the difference the 
effect of arm position had on AHD in the support-arm. A post hoc analysis was then completed 
with all statistical significance determined at p ≤ 0.05. Analysis revealed that the arm position’s 
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main effect was significant (F(1,19) = 47.460; p < 0.001). There was a significant difference in the 
AHD measurement between the resting mean and (13.428 ± 0.606mm) the 1st finger, 1st string 
mean (10.765 ± 0.488mm) positions on the left side. (Figure 4.7)  
Post hoc analysis identified the differences between groups were significant: Resting vs. 
Support (Mean Difference = 2.663mm) (SEM = 0.386mm) (p < 0.001) (95%CI = 1.854, 3.471), 
Support vs. Resting (Mean Difference = -2.663mm) (SEM = 0.386mm) (p < .001) (95%CI = -
3.471, 1.854). 
Summary of Hypothesis Testing  
Hypothesis 1: Supported 
It was hypothesized that ultrasonographic measurements of the resting AHD 
measurements would be smaller in the bow-arm compared to the arm supporting the violin. This 
hypothesis was supported by the data collected. (Figure 4.1) 
Hypothesis 2: Not Supported 
It was hypothesized that the supraspinatus tendon in the bow-arm would be thicker than 
the tendon in the arm supporting the instrument. This hypothesis was not supported by the data. 
It was shown that there were no statistically significant differences in supraspinatus tendon 
thickness bilaterally. (Figures 4.2, 4.3,4.4) 
Hypothesis 3: Supported 
It was hypothesized that occupation ratio for the bow-arm would be a larger quantity than 
the support-arm. This hypothesis was supported by the data, as the occupation ratio on the right 
side was significantly larger than the left side. (Figure 4.5) 
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Hypothesis 4: Supported 
 It was hypothesized that the AHD in the unilateral comparison of the bow-arm would be 
smaller as the bow is placed on the 4th string, when compared to the 1st string. This hypothesis 
was supported by the data that was collected. On the right side, analysis revealed, the arm 
position’s main effect was significant, the AHD in the 4th string position was less than the 1st 
string and resting positions sequentially. (Figure 4.6)  
Hypothesis 5: Supported 
It was hypothesized that the AHD in the unilateral comparison of the support-arm would 
be smaller as the arm is brought up to support the instrument, compared to the resting position. 
This hypothesis was supported. It was shown that there was a significant difference in the AHD 
between the resting and the 1st finger, 1st string positions on the left side. (Figure 4.7) 
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Figures and Tables 
Figure 4.1: Bilateral comparison of resting AHD (in millimeters). Standard error of measure bars 
included to indicate statistical significance of findings. Asterisk (*) indicates significant difference 
between right and left means (p < 0.001). (ICC = 0.962, SEM 95% = 0.37mm, MDC 95% = 0.53mm). 
 
Figure 4.2: Bilateral comparison of supraspinatus tendon thickness (in millimeters) in the cross section 
view. Standard error of measure bars included to indicate lack of statistical significance of findings (p < 
0.481). (ICC = 0.760, SEM 95% = 0.61mm, MDC 95% = 0.87mm). 
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Figure 4.3: Bilateral comparison of supraspinatus tendon thickness (in millimeters) in the longitudinal 
view. Standard error of measure bars included to indicate lack of statistical significance of findings (p < 
0.163). (ICC = 0.760, SEM 95% = 0.61mm, MDC 95% = 0.87mm).  
 
Figure 4.4: Bilateral comparison of supraspinatus tendon thickness (in millimeters) mean values. 
Standard error of measure bars included to indicate lack of statistical significance of findings. (ICC = 
0.760, SEM 95% = 0.61mm, MDC 95% = 0.87mm). 
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Figure 4.5: Bilateral comparison of occupation ratio (in millimeters). Standard error of measure bars 
included to indicate statistical significance of findings. Asterisk (*) indicates significant difference 
between right and left means transverse (p < 0.141) and longitudinal (p < 0.024).  
 
Figure 4.6: Unilateral comparison of right AHD in the resting 1st and 4th string positions. Standard error 
of measure bars included to indicate statistical significance of findings. Asterisk (*) indicates significant 
difference between positions (p < 0.001). (ICC = 0.962, SEM 95% = 0.37mm, MDC 95% = 0.53mm) 
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Figure 4.7: Unilateral comparison of left AHD in the resting and support positions (in millimeters). 
Standard error of measure bars included to indicate statistical significance of findings. Asterisk (*) 
indicates significant difference between positions (p < 0.001). (ICC = 0.962, SEM 95% = 0.37mm, MDC 
95% = 0.53mm) 
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CHAPTER 5 
 
DISCUSSION 
Summary of Current Study 
 The AHD in the 4th string position was smaller than the AHD in the 1st string position 
and the AHD in the 1st string position was smaller than the resting position. There was also a 
difference observed in the AHD between the resting and the support positions in the left side. 
The resting AHD was smaller on the right side when compared to the left side AHD.  
Supraspinatus tendon thickness in the left shoulder was not observed to be different when 
compared to the right side. The occupation ratio was also larger in the right shoulder than in the 
left. 
Current Study in the Context of Previous Relevant Studies  
 Although several studies have identified musculoskeletal conditions as common among 
musician populations and more specifically in upper string populations, there have been very few 
studies that have attempted to systematically identify the specific mechanisms that contribute to 
these musculoskeletal conditions.2,3,13-37,50,51  Researchers that have explored contributing factors 
of shoulder pain in upper string musician populations have utilized either EMG101-103, external 
kinematic analysis 37,38,41,104 or a combination of the two techniques.32,48 None of these studies 
took into account the internal characteristics of the subacromial space when attempting to 
determine the etiology of shoulder pain in violinists, which marks the distinction between this 
study and previous ones.   
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Observations and Conclusions 
Unilateral Comparison of AHD in Bow-Arm 
As hypothesized, the AHD in the right shoulder decreased as the violin bow was moved 
from the resting position through the 4th string position. The greater arm elevation that allows the 
musician to move the bow into the 4th string position, and the decrease in AHD associated with° 
arm elevation in the current investigation, was similar to the decreases reported by Desmeules105 
in patients with and without SAIS at 0°,45°, 60° of active shoulder abduction and Seitz in 
patients with and without scapular dyskinesis at 0°,45°, 90° of static scapular plane arm 
elevation.11 Reported min/max range of motion values for shoulder kinematics when playing on 
the 1st string are 60° max - 15° min of flexion and 26° max - 2° min of shoulder abduction.41 
Reported mean AHD measurements for asymptomatic shoulders in 45o position ranges from (8.3 
+ 1.9mm) for abduction 105 to (8.3 + 0.4mm) for flexion.11 The mean measurement for AHD in 
the right shoulder when the mid-bow is on the 1st string for this study was (10.978 ± 0.319mm). 
This value is 2.678mm larger than the reported values at 45° of flexion and abduction in healthy 
shoulders. This value is 1.4mm larger than shoulders with SAIS (9.5 + 2.7mm at 45° abduction) 
and 3.1mm larger than shoulders with scapular dyskinesis (7.9 + 0.4mm at 45° flexion). The 
range of motion for abduction in the bow-arm ends at 26°; this can account for the differences 
seen in healthy AHD measurements. Even though flexion can range up to 60°, the AHD values 
found in this study are still larger than the reported values in healthy shoulders. These reported 
values suggest that the complex bowing-arm angulation associated with playing an upper string 
instrument, on the 1st string, may not cause as much AHD narrowing, as the individual 
components of flexion and abduction.  
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Reported min/max range of motion values for shoulder kinematics when playing on the 
4th string are 87° max - 64° min and shoulder abduction range is reported to be 35° max - 10° 
min.41 Reported mean AHD measurements for asymptomatic shoulders in 90o position of flexion 
is (9.2 + 0.4mm).11 Since the maximum range of shoulder abduction in bow-arm is 35°, reporting 
results of analysis performed at 60° of shoulder abduction is unnecessary and the comparisons 
will be made based on the 45° measures. Reported mean AHD measurements for asymptomatic 
shoulders in 45° position is (8.3 + 1.9mm) for abduction105. The mean measurement for AHD in 
the right shoulder when the mid-bow is on the 4th string for this study was (8.459 ± 0.449mm). 
This value is 0.15mm larger than the reported value at 45° abduction and 0.75mm smaller than 
the reported value at 90° flexion in healthy shoulders. This value is 1.05mm smaller than 
shoulders with SAIS (9.5 + 2.7mm at 45° abduction) and .35mm smaller than shoulders with 
scapular dyskinesis (8.8 + 0.4mm at 90° flexion). Although the range of motion for abduction in 
the bow-arm ends at 35°, the AHD measurements in healthy and symptomatic subjects at 45° of 
abduction were similar to the mean values found in this study for the 4th string position. The 
values found in this study for 4th string position were similar to the values reported for 90° of 
shoulder flexion in healthy shoulders and shoulders with scapular dyskinesis. These reported 
values suggest that the positions associated with bowing on the 4th string can present the same (if 
not slightly more) levels of AHD narrowing seen in the individual positions. It is important to 
note that the measurements in this study were taken at the mid-bow position, which indicates that 
these similar narrowing effects are being seen not at the extreme ranges of motion but 
somewhere in the center.  
The differences in AHD reported in this study were notable not only at the extreme 
ranges of motion (resting – 4th string position) but also within resting and 1st string positions as 
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well as 1st string and 4th string groups. The difference in mean values fell outside the initially 
established SEM (0.379mm) and MDC (0.536mm) for these measures. This implies that 
differences were not likely due to measurement error but rather decreases in the AHD associated 
with the change in arm position. These results help to explain the reported high levels of SAIS in 
upper string musicians.3 These reportedly high levels of SAIS can be due to the dynamic, 
rhythmic, compressive forces on the subacromial structures, which accompanies a narrowing of 
the AHD in the positions used to play the instrument. According to Neer compressive forces on 
structures of the subacromial space account for 95% of all rotator cuff pathologies.43,44   
Unilateral Comparison of AHD in the Support-Arm  
The AHD in the left shoulder also demonstrated narrowing, as the arm was brought from 
a resting position into 1st finger, 1st string position to support the instrument. The mean reported 
values for shoulder movement in the support-arm were more constant with 31 + 11° of flexion 
and 13 + 6° of abduction.41  Reported mean AHD measurements for asymptomatic shoulders in 
45° position ranges from 8.3 + 1.9mm for abduction105 to 8.3 + 0.4mm for flexion.11 The current 
study found mean AHD measurements of 10.7 ± 0.48mm in the support position. This value is 
2.46mm larger than the reported value at 45° abduction and flexion in healthy shoulders. This 
value is 1.27mm larger than shoulders with SAIS (9.5 + 2.7mm at 45° abduction) and 2.86mm 
larger than shoulders with scapular dyskinesis (7.9 + 0.4mm at 45° flexion). The values observed 
in this study (SAIS free population) are similar to the reported mean AHD values in healthy 
shoulders, as opposed to the pathologic shoulders.  
The difference in mean AHD values fell outside the initially established SEM (0.37mm) 
and MDC (0.53mm). These differences imply that differences were not likely due to 
measurement error but rather decreases in the AHD associated with the change in arm position. 
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This narrowing can be attributed to the magnitude of the arm elevation, in combination with the 
glenohumeral internal rotation, which reduced the width of the subacromial space outlet. These 
results suggest that supporting the violin does not place excessive stress on the subacromial 
structures.  
Bilateral Resting AHD  
It was also shown that, in the resting arm position, the right AHD was smaller than the 
left AHD, as hypothesized. Reported mean AHD measurements for asymptomatic shoulders in 
resting position range from (9.9 + 1.5mm)105 to (10.9 + 0.4mm).11 These values are smaller than 
the mean right (11.7 + 0.3mm) and left (12.2 + 0.4mm) values obtained during this study. The 
resting measurements in upper string musicians are more congruent with values reported for 
shoulders with SAIS (12.0 + 1.9mm)105 and scapular dyskinesis (11.3 + 0.4mm).11 In general 
populations, reported means for nonathletic, asymptomatic, resting AHD measurements based on 
side dominance showed that there were no differences between dominant and non-dominant 
AHD measurements.106 These findings suggest that the differences measured in resting AHD in 
this study are not due to differences seen based on arm dominance, and right side AHD measures 
are more similar to pathologic shoulders than healthy shoulders. 
The difference in mean values fell outside the initially established standard error of 
measurement (0.37mm) and minimal detectable change (0.53mm). These differences imply that 
differences were not likely due to measurement error but rather decreases in the AHD. This 
inherent difference in AHD measurements can most likely be attributed to the dynamic nature of 
the bow-arm movement, when compared to the static nature of the support-arm. This side 
difference in AHD may account for the increase in right side shoulder pain found in upper string 
54 
 
musicians as reported in the literature and more specifically the higher prevalence of right sided 
SAIS. 3,27,39,40 
Bilateral Supraspinatus Tendon Thickness 
 It was expected that the supraspinatus tendon would be thicker on the right side than the 
left, due to the more dynamic activity of the arm, while playing the violin.  
Mean reported value for supraspinatus tendons in asymptomatic shoulders is reported to 
be (6.0 + 0.8mm).9 This is not different from the mean values obtained in this study for left (5.6 
+ 0.2mm) and right side (5.8 + 0.2mm) tendon measurements. The left side however is 
statistically smaller than the reported value for shoulders with subacromial impingement (6.6 + 
0.8mm). The difference in tendon thickness, in both the cross section and long view, was not of 
statistical difference. The difference in mean values fell inside the initially established standard 
error of measurement (0.6mm) and minimal detectable change (0.8mm). This finding is 
particularly remarkable given the previous results that suggest compression of the subacromial 
structures is increased on the right side. Tendon thickening has been attributed to chronic 
overloading of the rotator cuff tendons.9 This effect has been studied in asymptomatic baseball 
pitchers that show 1.5–1.6 mm thickness increase in the throwing shoulder as compared to the 
non-throwing shoulder.107 These findings suggest that the dynamic movements associated with 
the motion of bowing, when compared to the static movement of supporting the instrument, do 
not overload the rotator cuff tendons in a way that causes an increase in thickness.   
Occupation Ratio 
The occupation ratios found in the current study: left mean (0.47 + 0.02mm) and right 
mean (0.50 + 0.02mm), are not statistically different when compared to the mean occupation 
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ratios reported in symptom free shoulders (0.54 + 0.07mm), and smaller than the occupation 
ratios found in patients with SAIS (0.617 + 0.103mm).9  In accordance with the hypothesis, the 
occupation ratio was greater on the right side, compared to the left, due to the homogenous 
supraspinatus tendon thickness measurements bilaterally and the reduced AHD measurements on 
the right side. A greater occupation ratio indicates a smaller amount of available space beneath 
the acromion which leads to a greater chance of compression of these structures. These findings 
suggest a functional etiology is more likely the cause of SAIS in upper string musicians than a 
structural etiology. It is unclear which (if one singular) functional factor may be responsible for 
contributing to SAIS in upper string musicians. Possible functional mechanisms include: superior 
translation of the humeral head due to increased deltoid activation and diminished rotator cuff 
activation, as well as decreased upward rotation and posterior tilt of the scapula due to over-
recruiting the upper and the lower trapezium while failing to adequately recruit the serratus 
anterior.6,63  
Observations and Conclusions Relating to Demographic Data 
 The majority of the participants in this study were female (n = 23) (60%); this is atypical 
for an orchestral composition where males tend to be the majority (F = 46%; M = 54%).27,108 
Female musicians have been reported to have higher prevalence rates of musculoskeletal 
complaints.15,22,39,109 The ages of the participants ranged between 19-66 years of age. The 
average age of participants that complained of current shoulder pain was 33. This figure lies just 
outside the reported age range (26-30 years) for incidence of injury in Australian orchestral 
musicians.17 There were no differences between the mean practice/playing hours weekly for the 
injured participants (11.2 h) when compared to the uninjured participants (10.85 h). There was 
not a difference between the injured (34.78%) and uninjured (30.43%) population relating to 
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engaging regularly in upper extremity exercise. Mean BMI measurements for participants that 
reported shoulder pain was not different than (27.68 + 9.40) participants that did not report 
shoulder pain (25.12 + 4.69). Both groups fall into “Overweight classification” (25.0–29.9).110 
The lack of differences among groups for the demographic variables indicates the changes seen 
in AHD could be attributed to the movement of the instrument.  
Observations and Conclusions Relating to Physical Examination  
Of the whole population, 43.4% upper string musicians reported current shoulder pain 
and 56.52% did not. This prevalence of shoulder pain cannot be contributed to SAIS with only 
13.04% of the sample presented with two or more positive SAIS special tests in one or both 
shoulders and complaining of shoulder pain. Of the total population, 4.35% presented with two 
or more positive SAIS special tests in one or both shoulders but did not complain of general 
shoulder pain. Only one participant tested positive for four SAIS special tests (all in the left 
shoulder). The majority of the nondescript shoulder pain described by the participants was 
caused by factors other than SAIS. 
Limitations of the Study 
Although this study effectively characterized the dimensions of the subacromial space in 
the extreme ranges of movement associated with playing an upper string instrument, limitations 
in the study design still persist.  
1. This study ultrasonographically measured the structures of the subacromial space 
in several static positions that represented the end ranges of motion. While this 
method is convenient and useful for making assessments of the general 
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characteristics of the space, it does not provide an accurate portrayal of the 
specific characteristics during the transitions between positions.  
2. This study did not take fatigue into account when making measurements of the 
subacromial space. All participants were ultrasonographically tested after 
performing several manual muscle tests but not a full fatigue protocol. Fatigue 
plays a large factor in subacromial space measurements and will inevitably be a 
factor during any real performance or practice session. We would have likely 
gotten different results if the participants were tested completely fresh or 
thoroughly fatigued. 
3. Some participants had a thicker layer of subcutaneous adipose tissue which 
produced images that were harder to accurately measure compared to participants 
with very little adipose tissue. These morphometric factors may have made minor 
contributions to error of measurement.  
4. Extrinsic factors that may stress the upper extremities other than playing the 
violin (such as regularly carrying small children), may not have been fully 
accounted for when describing the population.  
5. Since all of the violists that participated in the study listed violin as their 
secondary instrument, violinists and violists were grouped together for all relevant 
analysis. Violists made up a relatively small percentage of the total population (n 
= 3) (13%) of this study. It is likely slightly different measurements would have 
been collected if the study had isolated just violinists or violists.  
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Recommendations for Further Study  
1. Future research in this area should include a more dynamic method of assessment. 
Musicians could play a piece that thoroughly represented the entire range of motion 
available to the upper string musician, while ultrasound images were taken consistently in 
real-time throughout the piece. This data could be paired with three-dimensional 
kinematic analysis of the scapula and arm provided by an electromagnetic tracking 
system. 
2. EMG analysis paired with three-dimensional kinematic analysis has been performed on 
the upper trapezius as well as the subscapularis in upper string musicians with SAIS.32,48 
This type of study should be expanded to also include the subscapularis and infraspinatus 
which serve to inferiorly translate the humerus relative to the glenoid, as well as the 
deltoid which acts in the opposite direction. This type of study could be paired with 
ultrasonographical measurements of the subacromial space. These kinds of studies would 
provide more insight into the mechanics of superior translation of the humerus on the 
glenoid fossa.   
3. A pre and post fatigue study should also be performed to determine the effects of playing 
long vs short pieces on the static measurements of the subacromial space. This would 
help to elucidate the etiology of the functional factors that contribute to SAIS.  
 
 
 
 
59 
 
REFERENCES 
1. Michener LA, McClure PW, Karduna AR. Anatomical And Biomechanical Mechanisms 
Of Subacromial Impingement Syndrome. Clinical Biomechanics. 2003;18(5):369-379. 
2. Kaufman-Cohen Y, Ratzon NZ. Correlation Between Risk Factors And Musculoskeletal 
Disorders Among Classical Musicians. Occupational Medicine. 2011;61(2):90-95. 
3. McFarland EG, Curl LA. Shoulder Problems In Musicians. Maryland Medical Journal. 
1998;47(1):19-22. 
4. Flatow EL, Soslowsky LJ, Ticker JB, et al. Excursion Of The Rotator Cuff Under The 
Acromion. Patterns Of Subacromial Contact. The American Journal Of Sports Medicine. 
1994;22(6):779-788. 
5. Thigpen CA, Padua DA, Morgan N, Kreps C, Karas SG. Scapular Kinematics During 
Supraspinatus Rehabilitation Exercise: A Comparison Of Full-Can Versus Empty-Can 
Techniques. The American Journal Of Sports Medicine. 2006;34(4):644-652. 
6. Ludewig PM, Cook TM. Alterations In Shoulder Kinematics And Associated Muscle 
Activity In People With Symptoms Of Shoulder Impingement. Physical Therapy and 
Rehabilitation. 2000;80(3):276-291. 
7. Timmons MK, Lopes-Albers AD, Borgsmiller L, Zirker C, Ericksen J, Michener LA. 
Differences In Scapular Orientation, Subacromial Space And Shoulder Pain Between The 
Full Can And Empty Can Tests. Clinical Biomechanics. 2013;28(4):395-401. 
8. Kalra N, Seitz AL, Boardman ND, 3rd, Michener LA. Effect Of Posture On 
Acromiohumeral Distance With Arm Elevation In Subjects With And Without Rotator 
Cuff Disease Using Ultrasonography. The Journal Of Orthopaedic And Sports Physical 
Therapy. 2010;40(10):633-640. 
9. Michener LA, Subasi Yesilyaprak SS, Seitz AL, Timmons MK, Walsworth MK. 
Supraspinatus Tendon And Subacromial Space Parameters Measured On 
Ultrasonographic Imaging In Subacromial Impingement Syndrome. Knee Surgery, Sports 
Traumatology, Arthroscopy : Official Journal Of The Esska. 2013. 
10. Seitz AL, McClure PW, Finucane S, Boardman ND, 3rd, Michener LA. Mechanisms Of 
Rotator Cuff Tendinopathy: Intrinsic, Extrinsic, Or Both? Clinical Biomechanics. 
2011;26(1):1-12. 
11. Seitz AL, McClure PW, Lynch SS, Ketchum JM, Michener LA. Effects Of Scapular 
Dyskinesis And Scapular Assistance Test On Subacromial Space During Static Arm 
Elevation. Journal Of Shoulder And Elbow Surgery / American Shoulder And Elbow 
Surgeons ... [Et Al.]. 2012;21(5):631-640. 
12. Seitz AL, Michener LA. Ultrasonographic Measures Of Subacromial Space In Patients 
With Rotator Cuff Disease: A Systematic Review. Journal of Clinical Ultrasound : JCU. 
2011;39(3):146-154. 
13. Ackermann BJ, Adams RD. Perceptions Of Causes Of Performance-Related Injuries By 
Music Health Experts And Injured Violinists. Perceptual And Motor Skills. 
2004;99(2):669-678. 
14. Barczyk-Pawelec K, Sipko T, Demczuk-Wlodarczyk E, Boczar A. Anterioposterior 
Spinal Curvatures And Magnitude Of Asymmetry In The Trunk In Musicians Playing 
The Violin Compared With Nonmusicians. Journal Of Manipulative And Physiological 
Therapeutics. 2012;35(4):319-326. 
60 
 
15. Cayea D MR. Instrument-Specific Rates Of Upper Extremity Injuries In Music Students. 
Medical Problems of Performing Artists. 1998;13(3):19-25. 
16. Foxman I, Burgel BJ. Musician Health and Safety: Preventing Playing-Related 
Musculoskeletal Disorders. Aaohn Journal : Official Journal Of The American 
Association Of Occupational Health Nurses. 2006;54(7):309-316. 
17. Fry HJ. Prevalence Of Overuse (Injury) Syndrome In Australian Music Schools. British 
Journal of Industrial Medicine. 1987;44(1):35-40. 
18. Fry HJ. The Treatment Of Overuse Syndrome In Musicians. Results In 175 Patients. 
Journal of the Royal Society of Medicine. 1988;81(10):572-575. 
19. Fry HJ. Overuse Syndrome Of The Upper Limb In Musicians. The Medical Journal Of 
Australia. 1986;144(4):182-183, 185. 
20. Fry HJ, Rowley GL. Music Related Upper Limb Pain In Schoolchildren. Annals Of The 
Rheumatic Diseases. 1989;48(12):998-1002. 
21. Hagglund KL, Jacobs K. Physical And Mental Practices Of Music Students As They 
Relate To The Occurrence Of Music-Related Injuries. Work. 1996;6(1):11-24. 
22. Hartsell HD TG. A Retrospective Survey Of Music-Related Musculoskeletal Problems 
Occurring In Undergraduate Music Students. Physiotherapy Canada 1991;43(1):13-18. 
23. Kok LM, Vlieland TP, Fiocco M, Nelissen RG. A Comparative Study On The Prevalence 
Of Musculoskeletal Complaints Among Musicians And Non-Musicians. Bmc 
Musculoskeletal Disorders. 2013;14:9. 
24. Kovero O, Kononen M, Pirinen S. The Effect Of Professional Violin And Viola Playing 
On The Bony Facial Structures. European Journal Of Orthodontics. 1997;19(1):39-45. 
25. Leaver R, Harris EC, Palmer KT. Musculoskeletal Pain In Elite Professional Musicians 
From British Symphony Orchestras. Occupational Medicine. 2011;61(8):549-555. 
26. Lockwood AH. Medical Problems Of Musicians. The New England Journal Of Medicine. 
1989;320(4):221-227. 
27. Middlestadt SE, Fishbein M. Health And Occupational Correlates Of Perceived 
Occupational Stress In Symphony Orchestra Musicians. Journal Of Occupational 
Medicine. : Official Publication Of The Industrial Medical Association. 1988;30(9):687-
692. 
28. Moorman CT, 3rd, Siparsky PN, St Pierre P. AC Separation In A Concert Violinist. 
Orthopedics. 2013;36(5):376-377. 
29. Moraes GF, Antunes AP. Musculoskeletal Disorders In Professional Violinists And 
Violists. Systematic Review. Acta Ortopedica Brasileira. 2012;20(1):43-47. 
30. Park KN, Kwon OY, Ha SM, Kim SJ, Choi HJ, Weon JH. Comparison Of 
Electromyographic Activity And Range Of Neck Motion In Violin Students With And 
Without Neck Pain During Playing. Medical Problems Of Performing Artists. 
2012;27(4):188-192. 
31. Ramella M, Fronte F, Converti RM. Postural Disorders In Conservatory Students: The 
Diesis Project. Medical Problems Of Performing Artists. 2014;29(1):19-22. 
32. Reynolds JF, Leduc RE, Kahnert EK, Ludewig PM. Development Of Three-Dimensional 
Shoulder Kinematic And Electromyographic Exposure Variation Analysis Methodology 
In Violin Musicians. Ergonomics. 2014;57(7):1021-1039. 
33. Ruggieri V, Katsnelson A. An Analysis Of A Performance By The Violinist D. Oistrakh: 
The Hypothetical Role Of Postural Tonic-Static And Entourage Movements. Perceptual 
And Motor Skills. 1996;82(1):291-300. 
61 
 
34. Schoonderwaldt E, Altenmuller E. Coordination In Fast Repetitive Violin-Bowing 
Patterns. PloS one. 2014;9(9):e106615. 
35. Shafer-Crane GA. Repetitive Stress And Strain Injuries: Preventive Exercises For The 
Musician. Physical Medicine And Rehabilitation Clinics Of North America. 
2006;17(4):827-842. 
36. Steinmetz A, Scheffer I, Esmer E, Delank KS, Peroz I. Frequency, Severity And 
Predictors Of Playing-Related Musculoskeletal Pain In Professional Orchestral Musicians 
In Germany. Clinical Rheumatology. 2014. 
37. Turner-Stokes L, Reid K. Three-Dimensional Motion Analysis Of Upper Limb 
Movement In The Bowing Arm Of String-Playing Musicians. Clinical Biomechanics. 
1999;14(6):426-433. 
38. Visentin P SG. The Kinetic Characteristics Of The Bow Arm During Violin 
Performance: An Examination Of Internal Loads As A Function Of Tempo. Medical 
Problems of Performing Artists. 2003;18(3):91-97. 
39. Middlestadt SE FM. The Prevalence Of Severe Musculoskeletal Problems Among Male 
And Female Symphony Orchestra String Players. Medical Problems of Performing 
Artists. 1989;4(1):41-48. 
40. Hiner S. Performance Related Medical Problems Among Premier Violinists. Medical 
Problems of Performing Artists. 1987;June(2):67-71. 
41. Visentin P MM, Shan G. A Quantitative Three-Dimensional Analysis of Arm Kinematics 
During Violin Performance. Medical Problems of Performing Artists. 2003;18(3):91-97. 
42. Hawkins RJ, Kennedy JC. Impingement Syndrome In Athletes. The American Journal Of 
Sports Medicine. 1980;8(3):151-158. 
43. Neer CS, 2nd. Impingement Lesions. Clinical Orthopaedics And Related Research. 
1983(173):70-77. 
44. Neer CS, 2nd. Anterior Acromioplasty For The Chronic Impingement Syndrome In The 
Shoulder: A Preliminary Report. The Journal Of Bone And Joint Surgery. American 
Volume. 1972;54(1):41-50. 
45. Jobe CM. Special Properties Of Living Tissue That Affect The Shoulder In Athletes. 
Clinics In Sports Medicine. 1983;2(2):271-280. 
46. Jobe FW. Serious Rotator Cuff Injuries. Clinics In Sports Medicine. 1983;2(2):407-412. 
47. Joensen J, Couppe C, Bjordal JM. Increased Palpation Tenderness And Muscle Strength 
Deficit In The Prediction Of Tendon Hypertrophy In Symptomatic Unilateral Shoulder 
Tendinopathy: An Ultrasonographic Study. Physiotherapy. 2009;95(2):83-93. 
48. Reynolds JF. Shoulder Joint And Muscle Exposure In Violin Musicians: A Three-
Dimensional Kinematic And Electromyographic Exposure Variation Analysis- A 
Dissertation Submitted To The Faculty Of The Graduate School And Of The University 
Of Minnesota By Jonathan F. Reynolds. Retrieved from the University of Minnesota 
Digital Conservancy. 2009. 
49. Fry HJ. Overuse Syndrome In Musicians: Prevention And Management. Lancet. 
1986;2(8509):728-731. 
50. Knierim C, Goertz W, Reifenberger J, Homey B, Meller S. Fiddler's Neck. Der Hautarzt; 
Zeitschrift Fur Dermatologie, Venerologie, Und Verwandte Gebiete. 2013;64(10):724-
726. 
51. Kovero O, Kononen M, Pirinen S. The Effect Of Violin Playing On The Bony Facial 
Structures In Adolescents. European Journal Of Orthodontics. 1997;19(4):369-375. 
62 
 
52. Cunningham LS, Kelsey JL. Epidemiology Of Musculoskeletal Impairments And 
Associated Disability. American Journal Of Public Health. 1984;74(6):574-579. 
53. Pope DP, Croft PR, Pritchard CM, Silman AJ. Prevalence Of Shoulder Pain In The 
Community: The Influence Of Case Definition. Annals Of The Rheumatic Diseases. 
1997;56(5):308-312. 
54. Hasvold T, Johnsen R. Headache And Neck Or Shoulder Pain--Family Learnt Illnesses 
Behaviour? The Bardu Muscoloskeletal Study, 1989-1990. Family Practice. 
1996;13(3):242-246. 
55. Allander E. Prevalence, Incidence, And Remission Rates Of Some Common Rheumatic 
Diseases Or Syndromes. Scandinavian Journal Of Rheumatology. 1974;3(3):145-153. 
56. Luime JJ, Koes BW, Hendriksen IJ, et al. Prevalence And Incidence Of Shoulder Pain In 
The General Population; A Systematic Review. Scandinavian Journal Of Rheumatology. 
2004;33(2):73-81. 
57. Feleus A, Bierma-Zeinstra SM, Miedema HS, Bernsen RM, Verhaar JA, Koes BW. 
Incidence Of Non-Traumatic Complaints Of Arm, Neck And Shoulder In General 
Practice. Manual Therapy. 2008;13(5):426-433. 
58. Litchfield R. Progressive Strengthening Exercises For Subacromial Impingement 
Syndrome. Clinical Journal Of Sport Medicine : Official Journal Of The Canadian 
Academy Of Sport Medicine. 2013;23(1):86-87. 
59. Valadie AL, 3rd, Jobe CM, Pink MM, Ekman EF, Jobe FW. Anatomy Of Provocative 
Tests For Impingement Syndrome Of The Shoulder. Journal Of Shoulder And Elbow 
Surgery / American Shoulder And Elbow Surgeons ... [Et Al.]. 2000;9(1):36-46. 
60. van der Windt DA, Koes BW, Boeke AJ, Deville W, De Jong BA, Bouter LM. Shoulder 
Disorders In General Practice: Prognostic Indicators Of Outcome. The British Journal Of 
General Practice : The Journal Of The Royal College Of General Practitioners. 
1996;46(410):519-523. 
61. van der Windt DA, Koes BW, de Jong BA, Bouter LM. Shoulder Disorders In General 
Practice: Incidence, Patient Characteristics, And Management. Annals Of The Rheumatic 
Diseases. 1995;54(12):959-964. 
62. Budoff JE, Nirschl RP, Guidi EJ. Debridement Of Partial-Thickness Tears Of The 
Rotator Cuff Without Acromioplasty. Long-Term Follow-Up And Review Of The 
Literature. The Journal Of Bone And Joint Surgery. American Volume. 1998;80(5):733-
748. 
63. Page P. Shoulder Muscle Imbalance And Subacromial Impingement Syndrome In 
Overhead Athletes. International Journal of Sports Physical Therapy. 2011;6(1):51-58. 
64. Frost P, Bonde JP, Mikkelsen S, et al. Risk Of Shoulder Tendinitis In Relation To 
Shoulder Loads In Monotonous Repetitive Work. American journal of industrial 
medicine. 2002;41(1):11-18. 
65. Lo YP, Hsu YC, Chan KM. Epidemiology Of Shoulder Impingement In Upper Arm 
Sports Events. British journal of sports medicine. 1990;24(3):173-177. 
66. Miranda H, Viikari-Juntura E, Martikainen R, Takala EP, Riihimaki H. A Prospective 
Study Of Work Related Factors And Physical Exercise As Predictors Of Shoulder Pain. 
Occupational and environmental medicine. 2001;58(8):528-534. 
67. Paletta GA, Jr., Warner JJ, Warren RF, Deutsch A, Altchek DW. Shoulder Kinematics 
With Two-Plane X-Ray Evaluation In Patients With Anterior Instability Or Rotator Cuff 
63 
 
Tearing. Journal Of Shoulder And Elbow Surgery / American Shoulder And Elbow 
Surgeons. 1997;6(6):516-527. 
68. Lukasiewicz AC, McClure P, Michener L, Pratt N, Sennett B. Comparison Of 3-
Dimensional Scapular Position And Orientation Between Subjects With And Without 
Shoulder Impingement. The Journal Of Orthopaedic And Sports Physical Therapy. 
1999;29(10):574-583; discussion 584-576. 
69. Deutsch A, Altchek DW, Schwartz E, Otis JC, Warren RF. Radiologic Measurement Of 
Superior Displacement Of The Humeral Head In The Impingement Syndrome. Journal 
Of Shoulder And Elbow Surgery / American Shoulder And Elbow Surgeons. 
1996;5(3):186-193. 
70. Ludewig PM, Cook TM. The Effect Of Head Position On Scapular Orientation And 
Muscle Activity During Shoulder Elevation. Journal of occupational rehabilitation. 
1996;6(3):147-158. 
71. Greenfield B, Catlin PA, Coats PW, Green E, McDonald JJ, North C. Posture In Patients 
With Shoulder Overuse Injuries And Healthy Individuals. The Journal Of Orthopaedic 
And Sports Physical Therapy. 1995;21(5):287-295. 
72. Kebaetse M, McClure P, Pratt NA. Thoracic Position Effect On Shoulder Range Of 
Motion, Strength, And Three-Dimensional Scapular Kinematics. Archives Of Physical 
Medicine And Rehabilitation. 1999;80(8):945-950. 
73. Tyler TF, Nicholas SJ, Roy T, Gleim GW. Quantification Of Posterior Capsule Tightness 
And Motion Loss In Patients With Shoulder Impingement. American Journal of Sports 
Medicine. 2000;28(5):668-673. 
74. Warner JJ, Micheli LJ, Arslanian LE, Kennedy J, Kennedy R. Patterns Of Flexibility, 
Laxity, And Strength In Normal Shoulders And Shoulders With Instability And 
Impingement. Am J Sports Med. 1990;18(4):366-375. 
75. Harryman DT, 2nd, Sidles JA, Clark JM, McQuade KJ, Gibb TD, Matsen FA, 3rd. 
Translation Of The Humeral Head On The Glenoid With Passive Glenohumeral Motion. 
The Journal Of Bone And Joint Surgery. American Volume. 1990;72(9):1334-1343. 
76. Michener LA, Walsworth MK, Doukas WC, Murphy KP. Reliability And Diagnostic 
Accuracy Of 5 Physical Examination Tests And Combination Of Tests For Subacromial 
Impingement. Archives Of Physical Medicine And Rehabilitation. 2009;90(11):1898-
1903. 
77. Kibler WB. The Role Of The Scapula In Athletic Shoulder Function. The American 
Journal Of Sports Medicine. 1998;26(2):325-337. 
78. Kibler WB, McMullen J. Scapular Dyskinesis And Its Relation To Shoulder Pain. The 
Journal of the American Academy of Orthopaedic Surgeons. 2003;11(2):142-151. 
79. Kibler WB, Sciascia A. Current Concepts: Scapular Dyskinesis. British journal of sports 
medicine. 2010;44(5):300-305. 
80. Ratcliffe E, Pickering S, McLean S, Lewis J. Is There A Relationship Between 
Subacromial Impingement Syndrome And Scapular Orientation? A Systematic Review. 
British journal of sports medicine. 2014;48(16):1251-1256. 
81. Culham E, Peat M. Functional Anatomy Of The Shoulder Complex. The Journal Of 
Orthopaedic And Sports Physical Therapy. 1993;18(1):342-350. 
82. Desmeules F, Minville L, Riederer B, Cote CH, Fremont P. Acromio-Humeral Distance 
Variation Measured By Ultrasonography And Its Association With The Outcome Of 
64 
 
Rehabilitation For Shoulder Impingement Syndrome. Clinical Journal of Sport Medicine. 
2004;14(4):197-205. 
83. Azzoni R, Cabitza P. Sonographic Versus Radiographic Measurement Of The 
Subacromial Space Width. La Chirurgia Degli Organi Di Movimento. 2004;89(2):143-
150. 
84. Azzoni R, Cabitza P, Parrini M. Sonographic Evaluation Of Subacromial Space. 
Ultrasonics. 2004;42(1-9):683-687. 
85. Leggin BG, Michener LA, Shaffer MA, Brenneman SK, Iannotti JP, Williams GR, Jr. 
The Penn Shoulder Score: Reliability And Validity. The Journal Of Orthopaedic And 
Sports Physical Therapy. 2006;36(3):138-151. 
86. Beaton DE, Katz JN, Fossel AH, Wright JG, Tarasuk V, Bombardier C. Measuring The 
Whole Or The Parts? Validity, Reliability, And Responsiveness Of The Disabilities Of 
The Arm, Shoulder And Hand Outcome Measure In Different Regions Of The Upper 
Extremity. Journal Of Hand Therapy : Official Journal Of The American Society Of 
Hand Therapists. 2001;14(2):128-146. 
87. Mintken PE, Cleland JA, Whitman JM, George SZ. Psychometric Properties Of The 
Fear-Avoidance Beliefs Questionnaire And Tampa Scale Of Kinesiophobia In Patients 
With Shoulder Pain. Archives Of Physical Medicine And Rehabilitation. 
2010;91(7):1128-1136. 
88. Waddell G, Newton M, Henderson I, Somerville D, Main CJ. A Fear-Avoidance Beliefs 
Questionnaire (Fabq) And The Role Of Fear-Avoidance Beliefs In Chronic Low Back 
Pain And Disability. Pain. 1993;52(2):157-168. 
89. Steinmetz A, Seidel W, Muche B. Impairment Of Postural Stabilization Systems In 
Musicians With Playing-Related Musculoskeletal Disorders. Journal Of Manipulative 
And Physiological Therapeutics. 2010;33(8):603-611. 
90. Calis M, Akgun K, Birtane M, Karacan I, Calis H, Tuzun F. Diagnostic Values Of 
Clinical Diagnostic Tests In Subacromial Impingement Syndrome. Annals Of The 
Rheumatic Diseases. 2000;59(1):44-47. 
91. Konin JG, Lebsack D, Valier AS, Isear JA. Special Tests For Orthopedic Examination. 
Fourth edition. ed. Thorofare, NJ: SLACK Incorporated; 2016. 
92. Hertel R, Ballmer FT, Lombert SM, Gerber C. Lag Signs In The Diagnosis Of Rotator 
Cuff Rupture. Journal of Shoulder and Elbow Surgery. 1996;5(4):307-313. 
93. Magee DJ. Orthopedic Physical Assessment. 5th ed. St. Louis, Mo.: Saunders Elsevier; 
2008. 
94. Rabin A, Irrgang JJ, Fitzgerald GK, Eubanks A. The Intertester Reliability Of The 
Scapular Assistance Test. Journal of Orthopedic Sports Physical Therapy. 
2006;36(9):653-660. 
95. HEALTH IFW. Scoring the DASH. Disabilities of the Arm Shoulder and Hand. 2006. 
96. Jacobson J. Shoulder Ultrasound. Fundamentals of Musculoskeletal Ultrasound. 
Philadelphia, Pa: Suanders Elsevier; 2007:39-101. 
97. Bjordal JM, Demmink JH, Ljunggren AE. Tendon Thickness And Depth From Skin For 
Suprspinatus, Common Wrist And Finger Extensors, Patellar And Achilles 
Tendons:Ultrasonography Study Of Healthy Subjects. Physiotherapy. 2003;89(6):375-
383. 
98. LTD SMB-MEC. M5 Diagnostic Ultrasound System Operators Manual.Basic Volume. 
65 
 
99. Bdaiwi AH, Herrington L, Almangoush A, Mackenzie TA, Porter SB. Assessment Of 
The Reliability Of Real Time Ultrasound Scanning To Measure The Humeral Head 
Position In A Number Of Glenohumeral Joint Positions. Physical Therapy and 
Rehabilitation. 2014;1(1). 
100. Teefey SA, Middleton WD, Yamaguchi K. Shoulder Sonography. State Of The Art. 
Radiologic Clinics of North America. 1999;37(4):767-785, ix. 
101. Berque P GH. The Influence Of Neck-Shoulder Pain On Trapezius Muscle Activity 
Among Professional Violin And Viola Players: An Electromyographic Study. Medical 
Problems of Performing Artists. 2002;17(2):68-75. 
102. Philipson L SR, Larsson P, Kaldjev S. Muscular Load Levels In Performing Musicians 
As Monitored By Quantitative Electromyography. Medical Problems Performing Artists. 
1990;5:79-82. 
103. Levy CE LW, Brandfonbrener AG, Press J, Levy AE. . Electromyographic Analysis Of 
Muscular Activity In The Upper Extremity Generated By Supporting A Violin With And 
Without A Shoulder Rest. Medical Problems Performing Artists. 1992;7:103-109. 
104. Tulchinsky E RL. A Biomechanical Motion Analysis Of The Violinist’s Bow Arm. 
Medical Problems of Performing Artists. 1994;9:125-130  
105. Desmeules F, Minville L, Riederer B, Cote CH, Fremont P. Acromio-Humeral Distance 
Variation Measured By Ultrasonography And Its Association With The Outcome Of 
Rehabilitation For Shoulder Impingement Syndrome. Clinical journal of sport medicine : 
official journal of the Canadian Academy of Sport Medicine. 2004;14(4):197-205. 
106. Wang HK, Lin JJ, Pan SL, Wang TG. Sonographic Evaluations In Elite College Baseball 
Athletes. Scandinavian Journal of Medicine and Science in Sports. 2005;15(1):29-35. 
107. Malanga GA, Chu SK, Ramirez Del Toro J, Karnaugh RD, Dentico R, Komaroff E. 
Sonographic Evaluation Of Supraspinatus Cross-Sectional Area In Collegiate Baseball 
Players. Physical Medicine and Rehabilitation. 2012;4(7):488-492. 
108. Sandla R. Orchestras by the Numbers: Gender. Symphony- the Magazine of the League of 
American Orchestras. 2015;66 #3(Summer 2013):18. 
109. Fry HJ. Prevalence Of Overuse (Injury) Syndrome In Australian Music Schools. British 
Journal Of Industrial Medicine. 1987;44(1):35-40. 
110. McDowell MA, Fryar CD, Ogden CL. Anthropometric Reference Data For Children And 
Adults: United States, 1988-1994. Vital Health Stat 11. 2009(249):1-68. 
 
 
 
 
 
 
66 
 
APPENDIX A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Informed Consent 
67 
 
 
 
68 
 
 
69 
 
 
70 
 
 
APPENDIX B.  
IRB Approval 
71 
 
APPENDIX C.
Subject Information Initial Visit Forms 
72 
 
73 
 
74 
 
75 
 
76 
 
 
 
77 
 
 
 
Fear Avoidance Belief Questionnaire (FABQ) 
78 
 
The Quick DASH 
79 
 
80 
 
 
 
81 
 
Initial Data Collection Forms 
82 
 
83 
 
84 
 
The PENN Shoulder Score 
85 
 
86 
 
Screening Exam 
87 
 
88 
 
89 
 
 
Ultrasound Imaging Rotator Cuff Tendon & Muscle Characteristics 
